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DESCRIPTION

The present invention relates to an improved
erosion resistant coating for turbo.machine gas path
components comprising thermal spray depositing a
chromium carbide and an age hardenable nickel base
alloy on the surface of gas path components and then
preferably heat treating the gas path components.

i

Chromium carbide-nickel base alloys are
known in the art as coatings to combat high static
coefficients of friction and high wear rates of 316
stainless steel components in the core of sodium
cooled reactors. The coatings for such application
have to withstand high neutron irradiation, be
resistant to liquid sodium, have thermal shock
resistance and have good self-mating characteristics
in terms of coefficient of friction and low wear
rates. The published article titled "Sodium
¢ Compatibility Studies of Low Friction Carbide
¢ ' Coatings for Reactor Application®, Paper No. 17, by
G. A. Whitlow et al, Corrosion/74, Chicago,
Illinois. March 4-8, 1974 discusses the effects of
thermal cycling, campatibility with sodium, and the like on
a variety of coatings including the detonation gun
Cr3C; + Inconel 718 coating. Inconel is a trademark
of International Nickel Company for nickel alloys.

Testing included thermal cycling between 427°C (800°F) and
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‘ction and hjgh wear rates .of 316 stainless stéel com -ponents i.n-the

e of - sodi um cool ed reactors. The coatings for such application have to
hstand high neutron-irradiation, be resistant-to liquid sodium have
rmal shock resistance and have good sel f-mating characteristics in terms
coefficient of friction and | ow wear rates. The published article titled
di um Com patibility Studies of Low Frixtion Carbide Coatings for

ctor Application", Paper No. 17, by G A Witlow et al, Corrosion/74,

Cago’ 111., yg.;.,c ‘31?60 %?74 diﬁ%'o hours. After such exposure, there
was no spalling or other mechanical damage to the
Cr3C, + Inconel 718 coating, and there was no

observable microstructural change using
"metallography other than changes within the
substrate. X-ray evaluation of the microstructures,
hoéever, showed that the as-deposited coating
contained Cr4C3 plus Cr,3Cq, and that there appeared
to be a conversion of Cr9Cq to Cr,3C¢ on long term
exposure at elevated temperatures. The detonaticn
gun Cr3C, + Inconel 718 coating appeared to have
good self-mating adhesive wear resistance when used
in liquid sodium.

In addition to liquid sodium applications,
the chromium carbide base thermal spray coating
family has been in use for many years to provide
sliding and impact wear resistance at elevated
temperatures. The most frequently used system by
far is the chromium carbide plus nickel chromium
composite. The nickel chromium (usually Ni - 20 Cr)
constituent of the coating has ranged from about 10
to about 35 wt.%. These coatings have been produced
using all types of thermal spray p}ocesses ingluding

plasma spray deposition as well as detonation gun
deposition. The powder used for thermal spray
deposition .is usually a simple mechanical blend of
the two components. While the chromium carbide
component of the powder is usually Cr3C,, the
as-deposited coatings typically contain a.
preponderance of Cr,C3; along with lesser amounts of
CraC,; and Cry3Cg. The difference between the powder
composition and the as-de9051ted coating is due to
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" cfsses the effects.of thermal cycling, conpatibility with sodium etc. on.

“v@riety of coatings including the deto- nation gun [err] 718 coating.

ting included thermal cycling between [err] F. and [err]. for 1000
rs. After such exposure, there was no spalling or other nmechanical

ge to the [err] 718 coating, and there€ has no ob- servable
Erostructural change using netall ography ot her than changes within the

strate. X-ray eval ua-
. the oxidation of the CryC, with consequent loss of

mg_c:.:r—|L

carbon. 0x1dat10n may occur in detonation gun
deposition as a result of oxygen or carbon dioxide
in the detonation gases, while oxidation in plasma
spraying occurs as a result of inspiration of air
ﬁ into the plasma stream. Those coatings with a
relatively high volume fraction of -the metallic
component have been used for self-mating wear
resistance in gas turbine components at elevated
temperatures. These coatings, because of the high
metallic content, have good impact as well as
fretting wear and oxidation resistance. At lower
temperatures, coatings with nominally 20 wt.%
nickel-chromium have been used for wear against
carbon and carbon graphite in mechanical seals, and
for wear in general in adhesive and abrasive
applicatioﬁs. .These coatings are most frequently
produced by thermal spraying. 1In this family of
coating processes, the éoating material, usually in
the form of powder, is heated to near its melting
point, accelerated to a high velocity, and impinged
upon the surface to be coated. The particles strike
the surface and flow laterally to form thin
lenticular particles, frequently called splats,
which randomly interleaf and overlap to form the
coating. The family of thermal spray coatings
includes detonation gun deposition, oxy-fuel flame
spraying, high velocity oxy-fuel deposition, and
plasma sprav.

It has now been found possible to '
provide a process of coating gés path components of
turbo machines which comprises thermal spraying
chromium carbide and an age hardenable nickel base
alloy on the surface of the components. It has also
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- titon of - the microstructures, however,. showed t-hat the as-deposited coating . -
~cptained [err] plus [err] and that there appeared to be a conversion of '
r] to [err] on long term exposure at el evated tenperatures. The
onation gun Cr3C2 + Inconel 718 coating ap- peared to have good

been found.possible to provide a process for
depositing a coating comprising chromium carbide and
an age hardenable nickel base alloy, such as Inconel
718, onto a surface of a turbo machine gas path
component and then heat treating the coated surface of
the gas path component. It has further been found
possible to provide an improved erosion resistant

;* coating for gas path components of turbo machines
comprising a chromium carbide plus age hardenable
nickel base alloy coating. It has still further been
found possible to provide a heat treated thermal spray
deposited Cr3C,; + Inconel 718 coéting for a gas path
component of turbo machines.

The present invention relates to a process for
coating a surface of a gas path component of a turbo
machine with a coating composed of chromium carbide
and an age hardenable nickel base alloy comprising the
step of thermal spraying a powder composition of
chronium carbide and an age hardenable nickel base
alloy onto at least a portion of the surface of a gas
path component of a turbo machine.

Preferably, the as~deposited coated layér on the
gas path component would be heated at a temperature
and time period sufficient to cause

‘.
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BPLACEVMENT SHEET -2 - In addition to Iiquid sodium applications, the chro-
um car bi de base thermal spray coating fanm |y has been in use for many = -
rs to provide sliding and inpact wear -resi stance at el evated
eratures. The nmpest frequently used systemby far is the chrom um

bi de plus nickel chrom um conposite. The nickel
.constituent of the coating has ranged=fPom about 10 to about 35 w. %

p?ecipitagion of intermetallic compounds within the
nickel base alloy constituent of the coated layer.
In the heat treatment step, theig is a
transformation of the highly stressed
microcrystalline as-deposited structure to a2 more
ordered structure in which the phases exhibit well
defined X-ray diffraction patterns.

As used herein, a gas Path component shall
mean a component that is designed to be contacted by
a8 gas stream and used to confine the gas stream or
change the direction of the gas stream in a turbo
machine. Typical turbo machines are gas turbines,
Steam turbines, turbo eipanders and the like. The
camponent of the turbo machines to be coated can be, for example,
the blades, vanes, duct segments, diaphragms, nozzle
blocks and the like.

. Gas path components can be subjected to
erosive wear from solid particles of various sizes
entrained ;n gas streams contacting such components
at various angles. 1In many designs of turbo
machines, the Principal angle of impingement of
solid particles onto the gas path components is iow
with angles of 10° to 30° being common. Therefore,
the life of gas path components Ssubjected to érosive
wear is determined by the low angle wear resisténce
of the surfaces to particle impingément at these
angles. The chromium carbide constituent of the
coating provides good erosion resistance while the
a8ge hardenable nickel base alloy constituent of the
coating proyides resistance to thermal and mechanical
stresses to the coating. It is expected that the age
hardenable nickel base alloy would not effectively

S
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> been produced using all types of thernmal spray processes including
_ N spray deposition as well ‘as detonation gun deposition. The powder
;U4 for ther-
it wo conponents. - Wil e the chronium carbi de conponent of the powder is
pl |y Cr3C2,
Cr7C3 along with |esser amounts of Cr3g2_and C23C6. The difference

lveen t he powder conposi- tion and the as-deposited coating is due to the

mal spray deposition is usually a sinple mechanical blcnd of

the as-deposited coatings typically contain a preponderance

contribute to or increase the erosion resistance of
the coatihg.particularly at low angles of
impingement. However, it was unexpectedly found that
the addition of the age hardenable nickel base alloy
not only provided thermomechanical strehgth to the
coating but also increased the erosion resistance of
the coating; particularly at low angles of
impingement. This increased erosion resistance of
the céating is particularly important for gas path
components since erosive wear can reduce the overall
dimensions of the components thereby rendering the
turbo machine less efficient in its intended use.
This is particularly true for blades of steam and gas
turbines.

As used herein, an age hardenable nickel
base alloy shall mean a nickel base alloy that can be
hardened by heating to cause a precipitation of an
intermetallic compound from a supersaturated solution
of the nickel base alloy. The intermetallic compound
ﬁsually contains at least one element from
aluminium, titanium, niobium and
tantalum. Preferably the element should be present
in an amount from 0.5 to 13 weight percent, more
preferably from 1 to 9 weight percent of the
coating. The preferred age hardenable nickel base
alloy is Inconel 718 which contains about 53 weight
percent nickel, about 19 weight percent iron, about
19 weight percent chromium, with the remainder being
about 3 weight percent molybdenum, about 5 weight
percent niobium with about 1 weight percent tantalum
and minor amounts of other elements. Inconel 718
when heated can be strengthened by nickel
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the C}3C2 ‘Wi th consequent |oss of carbon. Oxidation nay occur in

t onati on gun deposition as a result of oxygen or carbon dioxide in the
onation gascs, while oxidation in plasm spraying occurs as a result of
pi- ration of air into the plasnma stream Those coatings with a
‘atively high volune fraction of the netallic conpo- nent have been used
sel f-mating wear resistance in gas _turhine conponents at el evated
nperatures. These coatings, because of the high netallic content, have

d inpact as well as fretting wear and oxidation

intermetallic compounds precipitating in an

austenitic (fcc) matrix. Inconel 718 is believed to
deposit a nickel-niobium compound .as the hardening
phase. For age hardening alloys precipitation starts

at about 538°C (1000°F) and generally increases with

increasing temperature. However, above a certain
temperature, such as for example 904°C (1650°F), the secondary phase

may go back into solution. The resolutioning temperature

for Inconel 718 is 1550°F (B843°C). Typical aging
J temperatures for Inconel 718 are from 1275°F to
1400°F (691°C -~ 760°C) with the generally preferred
temperature being 1325°F (718°C). Generally for
nickel base alloy the age hardening temperature would
be fram 538°C to-899°C (1000°F to 1650°F) and preferably from 691°C
to 760°C (1275°F to 1400°F). The time period of the heating treatment
could generally be from at least 0.5 hour to 22
hours, preferably from 4 to 16 hours.
Suitable chromium carbide are Cr3Cy, Cry5C,
Cr4C3, with Cr3C, being the preferred. Deposited
coatings of Cr3C, plus Inconel 718 have been examined
by X-ray evaluation of the microstructure and found
to consist predominantly of Cr9C; plus Cry3Cg. It is
- believed that on long term exposure at elevated

temperatures, the Cr;C3; may be converted to Cry3Cq.
For most applications, the chromium in the chromium
carbide should be from 85 to 95 weight percent, and
preferably about 87 weight percent.

For most applications, the weight percent of
the chromium carbide component of the coating could
vary from 50 to 95 weight percent, preferably from 70
to 90 weight percent and the age hardenable nickel
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‘rcgistance. At |ower ‘tenperatures, .coatings with noni- nally 20 wt. % -

" ni gkel -chrom um have been used for wear  agai nst carbon and.carbon graphite
;i nfmechani cal seals, "and for wear in general in adhesive and abrasive
“applications. Tlese coatings are nost frequently-pro-. duced by thernal
-spgaying. In this famly of coating processes,.the coating material,
usally in the formof powder, is heated to nar its nelting point,
acg¢elerated to a high velocity, and inpinged upon the surface to be coated.
Th¢ particles strike the surface and flodw| ater-

base alloy could vary from 5 to 50 weight percent,

preferably from 10 to 30 weight percent of the
coating.

| Flame plating by means of detonation using a
?etonating gun can be used to produce coatings of this
invention. Basically, the detonation gun consists of
a2 fluid-cooled barrel having a small inner diameter of
about 2.54cm (one inch). Generally a mixture of
Ooxygen and acetylene is fed into the gun along with a
?oating powder. The oxygen-acetylene fuel gas mixture
1s ignited to produce a detbnation wave which travels
down the barrel of the gun whereupon the coating
material is heated and propelled out of the gun onto
an article to be coated. Reference is made to US-A-

2 714 563 for the disclosure of a method and apparatus
which utilizes detonation waves for flame coating.

‘ In some ;pplications it may be desirable to
?llute the oxygen-acetylene fuel mixture with an
inert gas such as, for example, nitrogen or argon.
The gaseous diluent has been found to reduce the flame
temperature since it does not participate in the
detonation reaction. Reference is made to US-A-
2 972 550 for the disclosure of a Process of diluting
the OXygen-acetylene fuel mixture to enable the
éetonation-plating process to be used with an
lncreased number of coating compositions and also for

new ?nd more widely useful applications based on the
coating obtainable.
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i ly to forn1th|n |l cuticular particles, frequently called splats, which

@andom y interl eaf
ray coatings in-
g, high velocity
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and overlap to formthe coating. The fam |y of thernal
cl udes detonation gun deposition, oxy-fuel flame spray-
oxy-fuel deposition, and plasma spray.- ~ 3 -

-9=-

In other applications, a second combustible gas
may be used along with acetylene, such gas preferably
being propylene, Reference is made to US-A-

4 902 539 for disclosure of the use of two combustible
gases.

Plasma coating torches are another means for
producing coatings of various compositions on suitable
substrates according to the present invention. The
Plasma coating technique is a line-of-sight process in
which the coating powder is heated to near or above
its melting point and accelerated by a plasma gas
stream against a substrate to be coated. On impact
the accelerated powder forms a coating consisting of
many layers of overlapping thin lenticular particles
or splats. This process is also suitable for
producing coatings of the present invention.

Another method of producing the coatings of the

‘Present invention may be the high velocity oxy-fuel,

including the so-called hypersonic flame spray coating
processes. 1In these processes, oxygen and a fuel gas
are continuously combusted thereby forming a high
velocity gas stream into which powdered material of
the coating composition is injected. The powder
particles are heated to near their melting point,
accelerated, and impinged upon the surface to be
coated. Upon impact the powder particles flow outward

forming overlapping thin, lenticular particles or
splats.

———— .
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}7.AUG 1997 It-is an object of the present invention to provide a process
coating gas path conponents of turbo ma- chines which conprises thernal
rayi ng chrom um car bi de-and an age hardenabl e ni ckel base alloy on the
rface of the conponents. It is anothet0object of the present invention to
pfo- vide a process for depsiting a coating conprising chro- mum carbi de
afd an age hardenabl e nickel base alloy. such as Inconel 718, onto a
.s@rface of a turbo nachiRfechromium carzide powders of the ccating

material for use in obtaining the coated layer of

the present invention are preferably powders made by the
sintering and crushing process. In this process, the
constituents of the powders are sintered at high

temperature and the resultant sinter product is
crushed and sized. The metallic powders are

preferably produced by argon atomization followed by
sizing. The powder components are.then blended by
{ mechanical mixing.

Sample coatings of the present invention were
produced and then subjected to various tests along
with samples of coatings that were not heat treated
and/or did not contain an age hardenable nickel base
alloy. A brief description of the various tests are
described in conjunction with the specific Examples

| Test I Fine Ci ite E . Test at R
[ Temperature
To demonstrate the superior erosion

resistance of the coatings of this invention, an
erosion test was run using fine chromite (FeCr,04) as
the erodent. For this testing, type 304 stainless
steel panels, 25.4 mm wide, 50.8 mm long, and 1.6 mm
thick, were coated on one 25.4 x 50.8 mm face with
the coating of interest. The coatings were nominally

150 micrametres thick. To test the coatings, the
pPanels were placed at a distance of 101.6 mm from a

2.19 mm diameter airjet at an angle of 20° from the
surface of the panel, with the airjet aligned along
the long axis of the panel. Air was fed to'the jet
at a pressure of 32 psig (0.22 MN/mz). 1200 grams of
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.'g&§s<path conponent: and -t hen. heat. treating the coated surface of .the gas
" pRth conponent. It is another object of the invention to provide. an
)roved erosion resistant coating for.gas path conpo- nents of turbo.
chines conprising a chrom um carbide plus age hardenable ni ckel base
alf oy coating. It is another object of the i nvention to provide a heat
ated thermal spray deposited Cr3C2+Imdenel 718 coating for a gas path
onent of turbo machi nes. The foregoing and additional objects wll

the fine chromite erodent was aspirated into the
airjet at a rate such that all of the material was
consumed in 100-110 seconds. The amount of erosion
of the coating caused by the impinging fzne chromite
particles was measured by weighing the panel before
and after the test. -The erosion rate was expressed
as welght change per gram of erodEnt A similar test
Was run at an angle of impingement of 99° with all
the parameters and procedures the same with the

exception that only 600 grams of material were fed to
the airjet.

o i bt o e e +

Example 1

i To evaluate the efficacy of the coatings of
' the:me&am,unmntum.uzresnﬁnngtme«mxslqnkw'way'ﬁue
particles, similar to those found in many industrial
applications, Test I was used. 1In this test, the
erodent material is a fine chromite (FeCr,04), 2
material similar to the material that exfoliates from
heat exchangers in fossil fuel electric power
utilities. This material becomes entrained in the
Steam and causes solid particle erosion of the
turbine. In this test, chromium carbide-nickel
chromium coatings were compared wzth a coating of
the present invention, chromium carbide-Inconel 718, in both
the as-coated and in the heat treated condition.
Coatings about 150 micrometres thick were deposited
on a type 304 stainless steel substrate using a
detonation gun process. The starting coating powder
for Coating A in Table 1 was 11% Inconel 718 and 89%
chromium carbide. The starting powder for Coating B
in Table 1 was 11% Ni20Cr and 89% chromium carbide.

—_———— :
———
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f‘nnfe apparent fromthe description and disclosure hei e- i naftér set. forth.
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a proces for coatlng a sur-

-12-
Heat treatmgnt,'in this Example, was for 8 hours at
718°C in vacuum. As can be seen in the data of Test I
as shown in Table 1, there is no significant
difference in the performance of the two coatings in
the as-coated condition at either 20° or 90° angle of
impingement in the fine chromite test at room
temperature. However, it can be feaéily seen that in
the heat treated condition, the coating of the present
invention (Coating A) is substantially superior to
that of Coating B at both 20°C and 90° angles of
impingement.

TABLE 1
Coating Composition HT TRT * Eiig_E_ZQl_unLﬂ* Rate @ 90° yg/g ¥
Sample wt.% hrs/eC as ctd  ht trtd as ctd ht trtd
A 16 [IN 718) 8/718 18 3 28 2
+ 84 [CrCarbide]
B 20 [8ONi20Cr) 8/718 17 6 23 9

+ 80 (Crlarbide]

* "HT TRT" means heat treatment, "ctd" means coated,
"trtd" means heat treated (also in other Tables).
Test II. Coarse Chromite Erosion Test at Elevated
temperature.

To demonstrate the superior erosion resistance of
the coatings of the present invention, an erosion test
was run with both the coating and the erodent
maintained at a temperature of nominally 550°C. For
this testing, type 304 stainless steel panels 4 .0mm
thick were coated on a 25.4 mm long, 12.7 mm wide face
with the coating of interest. The coatings
were nominally 250 micrometres thick. To

. is Sheet Has Been Replaced
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. face of a'gas path conponent of a turbo machine with a coating conmposed of
chrom um car bi de and an age hardenabl c ni ckel base alloy conprising the
.dtep of thermal spraying a powder composition of chrom um carbide and an
" dge hardcnabl e nickel base alloy onto at |east a portion of the surface of

~a gas path conponent of a turbo machine. Preferably, the as-deposited

coated | ayer on the 8as path conpoment3 Woul d be heated at a tenperature and
ti me period sufficient to cause precipitation of -interne-

test the coatinés, the panels were mounted at one.end
of a heated tunhel 89 mm by 25.4 mm in cross-section
and 3.66 m long at the other end of which was mounted
a combustor which produced a stream of hot gas
sufficient to heat the sample coatings to the
aforementioned test temperature. Relatively coarse
chromite erodent of 75 micrometres’nominal diamter -
was introduced into the combustor exhaust stream such
that it achieved a velocity of nominally 228 metres
per second before jt impinged on the surface of the
coating. The angle of impingement was varied by
mechanically adjusting the aspect angle of the coated
specimen. The amount of erosion caused by the o
impinging chromite particles was measured by wélghlng
the panel before and after the test. The erosion
rate was expressed as weight change per gram of
erodent that impinged on the sample.

‘ Example 2

§ | To assess the value of the coatings of the present

| jnvention in erosion resistance at elevated
temperatures, Test II was used. In this test, 8
somewhat coarser chromite material of the same
chemical composition, but larger pa;ticle size‘fas
used than the Teﬁt 1 used in Example 1. 1In this
test, Coating A (80 wt.% chromium carbide plus 20 .
wt.% nickel chromium) and Coating C (65 wt.% chromium
carbide plus 35 wt.% nickel chromium) were compared
with a coating of the present jnvention, Coating B (78 wt.?
chromium carbide plus 22 wt.% IN-718B). The.coat1ngs
were applied as in Example 1 to about 250 micrometres
thick. The results of this test with a particle

e
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?'talllc conpounds mnthln the ni-ckel base alloy constitu-.ent of the coated
layer. In the heat treatment step, there is a transformation of the highly

.stressed microcrystal- |ine as-deposited structure to a nore ordered
:"structure in which the phases exhibit well defi-ned X-ray diffrac- tion

patterns. Asused herein, a gas path conponent shall nmean a conponent that
is designed to be contacted by a gas g&ream and used to confine the gas
stream or change the dlrectlon of the gas streamin a turbo nachine.
Typlcal velocity of 228 m/sec are shown in Table ZA. Similar

tests were run with a particle velocity of 303 m/sec,

as shown in Table 2B. From the data, it is quite

evident ﬂuu:tne<xr¢1mgcﬁ'duapreyzm unmmmux1(axnung

B) is better than Coatings A and C with a particle

velocity of 228 m/sec (Table 2A) at all angles of
impingement and superior at an angle of impingement

of 15°. At a particle velocity of 303 m/sec (Table

7B) the coating of the present ummmtuml(CGMnng'B)was |

superior to Coatings A and C in the coarse chromite

erosion test at an angle of impingement of 15°.

IABLE ZA

Rates - micrograms loss / 9 erodent

L ] 2 L ] 90.
Angle of Attack 15¢ 30 50 70
Coating Composition « wt.%
Sample
A 20 EBONiZOCr]' 880 1410 1560 1680 1730
+ 80 [CrCarbide]
8 22 [IN 78] 600 1200 1350 1460 1500
+ 78 [CrCarbidel |
c 35 [BONi20Cr] 950 1740 1820 2000 2020

+ 65 [Crlarbide]

i i d C.
» particle size of metallic fraction is smaller than in Coatings B an

e
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turbo machines are gas turbines, steam turbines, turbo expanders and the
| i ke. The conponent of the turbo nachines to be coated can be the bl ades,
»vanes, duct segnents, di aphragns, nozzle blocks and the Like. Gas path
conponents .can be subjected to erosive wear fromsolid particles of various
sizes entrained in gas streans contacting such conmponents at vari ous
angles. In many designs of turbo machimhe ? The principal angle of

i mpi ngenent of solid particles onto the gas path conponents is low with

angles of [err] to [err] being TABLE

Rates - micrograms loss / g erodent

Angle of Attack 15¢  30° s0°  70° 9o
Coating Composition - wt.%
Sample ' "
Al 20 [8ONi20Cr]” 1630 2200 2840 3120 3190
+ 80 [(CrCarbide}
B2 22 [IN 718] 130 2520 2700 3020 3050
+ 78 [Crlarbide] .
¢3 35 [8ONi20Cr) 2620 3270 3760 3830 4030

+ 65 [CrCarbide]

"Particle size of metallic fraction is smaller than in Coatings B and C.
1 - Starting powder contains 11% (80 nickel-20 chromium), 89% CraCsy.

2 - Starting powder contains 11% Inconel 718, 89% CryC,.

3 - Starting powder contains 25% (80 nickel-20 chromium), 75% CraCy.

Test III. ¢ Alumina Erosion Test at R

To demonstrate the superior erosion
resistance of the coatings of the present invention, an

erosion test was run using relatively coarse angular
| alumina as the erodent. For this testing, type 304

: stainless steel panels, 25.4 mm wide, 50.8 mm long,
and 1.6 mm thick, were coated on one 25.4 x 50.8 mm
face with the coating of interest. The coatings were
nominally 150 micrometres thick. To test the
coatings, the panels were placed at a distance of
101.6 mm from a 2.19 mm diameter airjet at an angle
of 20° from the surface of the panel, with the airjet
aligned along the long axis of the panel. Air was

r ————— T
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conpon. Therefore,the life of gas path conponents subjected to.eragsive wear
is determ ned by the | ow angle wear resistance of the surfaces to particle
~i m- pingenment at these-angles. The chrom um carbi de con- stituent of the
coating provi des good erosion resistance while the age hardenabl e nickel
base alloy constituent of the coating provides resistance to thermal and
me- chani cal stresses to the coating. Jt14 s. expected that the age

har denabl e ni ckel base alloy would not effectively contribute to or
|ncrease t he erosion resistance of the

fed to the jet at a pressure of 32 psig (0.22 MN/m2).

600 grams of the alumina erodent was aspirated into
the airjet at a rate such that all of the material
was consumed in 100-110 seconds. The amount of
erosion of the coating caused by the impinging
alumina particles was measured by weighing the panel
before and after the test. The erosion rate was
expressed as weight change per gram of erodent. A
similar test was run at an impingement angle of 90°
with all the parameters and procedures the same with
the exception that only 300 grams of material were
fed to the airjet.

Example 3
In this test, relatively large alumina
% particles are used at room temperature. Testing was
done using Test III at both 20° and 90° angles of
impingement with the coatings either as-coated or
; heat-treated as shown in Table 3. The heat treatment
i in this example was either 8 hours in vacuum at 718°C
% or 8 hours in air at 718°C. The cocatings were
: applied as in Example 1 to a thickness of 150
micrometres and the starting and final composition of
the powders and coated layers, respectively, are
shown in Table 3. From the data, it is evident that
in the as-coated condition, there is little
difference between the three coatings when tested
with coarse alumina at room temperature. The

heat-treated coatings at an angle of impingement of
90° showed an improvement. However, at an angle of
impingement of 20°, there is a substantial

improvement between the coatings of the present invention
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ko0 partlcular!¥ 3;3 uﬁ;xpgctedly found that the addition of the age ]
basé'alldy not only pro- vided thernonechani cal strengt

he coating but also increased the erosion resistance of the coatin

1997 However,
enabl e ni ckel
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(Coatings A and B) and that of the prior art (Coating

~C). This is a very significant finding since most

erosion in industry occurs at low-angles, not high
angles.

The coating of Sample Coating A that was
heated in vacuum was further heated for 72 hours at
718°C in air which is considered overaging of the
coating. However, the erosion rate at 20° was found
to be 57 ng/g and the erosion rate at 90° was found
to be 78 Hg/g9. The improved coating performance was
retained despite overaging which could occur due to
service exposure.

JABLE 3
Coating Composition HT TRT hd hd
Sampie wt.% Atmosphere as ctd ht trtd as ctd ht trtd
A 16 [IN 718)! Air 99 a9 14 80
+ 84 [CrCarbide] Vacuum 109 70 122 96
B 20 (IN 718)] Air 14 61 114 52
+ 80 [CrCarbide)
c 20 [80Ni20Cr32  vacuum m 92 10 19

+ 80 [CrCarbide]

1 Starting powder contains V1% IN 718, 89% chromium carbide .
2 Starting powder contains 11% (80 nickel-20 chromium), 89% chromium carbide

Example 4

In this Example, the effect of the amount of
the metallic phase in three coatings of the present
invention were compared using Test III. Coatings 150
micrometres thick in both the as-coated and
heat-treated conditions were evaluated. The heat
treatment in this case was 8 hours in vacuum at
718°C. The results are shown in Table 4. With an

——— L
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cparticularly at low angles of inpingement. This in- creased erosion

‘resistance of the coating is particularly inportant for gas path conponent s.

“si nge erosive wear can reduce the overall dinensions of the conponents

-therleby rendering the turbo machine |l ess efficient in its intended use.

" This is particularly true for blades of steam and gas turbines. As used
herdi n, an age hardenabl e ni ckel base atlb% shall nean a nickel base alloy
that. can be hardened by heating to cause a precipitation of an

intgrnetallic com ) ,
7 angle of impingement of 90°, there is little

3 difference in perfbrmance between the three coatings

' in either the as-coated or heat-treated condition.
With an angle of impingement of 20°, there appears to
be a slight increase in erosion rates with an
increase in the metallic phase in either the
as-coated or heat-treated condition. This increase,
however, is not very great. It is evident,
therefore, that the coatings of the present invention have
great utility over a wide range of metallic phase

content.
IABLE &

Coating Composition ' * Rate @ 90° ng/g
Sample wt.% as ctd ht trtd as ctd ht trtd

A 8 [IN 718] 96 58 135 94

+ 92 [CrCarb:.de]1
B 16 [IN 718] 109 70 122 96
: + 84 [CrCarb1de]2 '
C 27 [IN 718] 117 74 129 97

+ 23 [CrCarb;de]3

1 Starting Powder contains 5.5% IN 718, 95.5% chromium carbide
2 Starting Powder contains 112 IN 718, 89% chromium carbide
3 Starting Powder contains 16.5% IN 718 83.5% chromium carbide

V . - - - v ‘
Temperature

To demonstrate the superior erosion
resistance of the coatings of the present invention, an

erosion test was run with both the coating and the

/ Re(laced
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I froma supersaturated solution of the nickel base alloy. The
g netal lic conpound usually contains at | east one elenent fromthe group
g st ing of alum - num titanium niobiumand tantalum Preferably the
egent should be present in an amobunt from0.5 to ‘13 wei ght percent, nore
- preferably from1l to 9 weight percent of the coating. The preferred age
har denabl e ni ckel base alloy is Inconel- 288 -whi ch contai ns about 53 wei ght
percent nickel, about 19 wei ght percent iron, about 19 wei ght percent
chromum wth the remainder | - C oo
erodent maintained at a temperature of nominally
500°C. For this testing, type 410 stainless steel
blocks 12.7 mm thick were coated an a 34 mm long, 19

mm wide face with the coating of_interest. The

coatings were nominally 250 micrametres thick. To

test the coatings, the blocks were mounted in an
enclosure filled with inert gas into which a stream
of alumina particles of 27 micrometres nominal size
suspended in inert gas could be introduced through a
1.6 mm diameter, 150 mm long nozzle made of cemented
carbide. The coated samples were positioned 20 mm
from the exit end of this nozzle, oriented at angles
of 90° or 30° to the centreline of the nozzle. The
enclosure was placed within a furnace which heated
the coated samples to a temperature of 500°C. While
they were at this temperature they were subjected to
the impact of a known mass of alumina particles
flowing at a velocity of about 94 metres per second
for a fixed period of time. The maximum depth to
which the coating was penetrated by the alumina
particles was taken as the measure of erosion. The
erosion rate was expressed as depth of penetration
per gram of erodent that impinged on the samp;e.

Example 5

Sample coatings 150 micrometres thick were
produced as in Example 1 using the composition shown
in Table 5. The data show that the erosion rate at
an'impingement angle of 30° for the heat treated
coatings of the present invention (Coatings A and B) were
better than the heat treated coatings of the prior
art (Coatings C and D).

: ]
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being : 3 weight | ur ut 5 weight per.cent niobium
: ng about 3 weight percent nolybdenum about 5 wei-ght P |
i-\?A'e!thgabout I meiggt percent tantal um and m nor anounts of other el enments.
718 when heated can be stTengthen?? b¥ nlfkel |P;§22§[
conmpounds preci pitating i'n an austenitic cc) rmatriX. _
berPeved tg.depgsit a ni ckel - ni obi um conpound as the hardeni ng phase.I
age hardening alloys preci-pitation starts. g about [err] F. and generally

-1 nconel

"tenpgrature, such as [err]
o :

i

tallic
718 is

For

“increases with increasing tenperature. However, above a certain
IABLE 5

Coating Composition BT TRT  Rate @ 9Q° o
Sample wt/% hrs/*C (um/g) (um/g)
A 16 [IN 718] None 145 85
+ 84 [CrCarbide]!  72/550 136 67
16/718 157 61
B 20 (1N 718] None 172 82
+ 80 [CrCarbide]l  72/550 186 68
16/718 165 72
c 20 [80Ni20cCr} None 183 79
+ 80 [CrCarbide]?  72/550 171 110
D 20 [BONizo0Cr] None 170 89
+ 80 [CrCarbide]2  72/550 199 92

1 Starting Powder contains 11% IN 718, 89% chromium carbide
2 Starting Powder contains 112 Nichrome, 89% chromium carbide

The heat-treated chromium carbide plus

nickel base age hardenable alloy coating of the present
30 invention is ideally suited for use in gas path

components of turbo machines.

The thickness of the

coating can vary from 5 to 1000 microns thick ‘for
most applications with a thickness between about 15

and 250 microns being preferred.

Suitable

substrates for use in the present invention would include
nickel base alloys, cobalt base alloys, iron base
alloys, titanium base alloys and refractory base

alloys.

The heat treatment step of the present invention

could be performed following the coating deposition
step at the same facility or the coated gas path

This Sheet Has Been Rerlaced
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- F., «the secondary phase nmay go back into solution. The resolutioning
~tenperature for Inconel 718 is [err] F. .[err]. Typical aging tenperatures
for Inconel 718 are fromJ[err] F. to [err] F.[err] with the generally
preferred tenperature being [err] F. [err] C ). Generally for. nickel  base
all oy the age hardening tenperature would be fromJ[err] F. to [err] F. and
preferably from[err] F. to 1400 F. The ting;period of the heating
treatment could generally be fromat |least 0.5 hour to 22 hours, preferably

-from4 to 16 hours.
component could be installed on or to a turbo

machine system and then the coated cbmponent could
be exposed to the heat treatment step. If the
intended environment of the'coated component is
compatible to the heat treatment steﬁ. then the
Coated component could be heat treated in its
intended environment. For example, the coated
camponent, such as, for example, a blade, could be exposed to an
elevated temperature in its intended environment and
the heat treatment step could be performed in such
an environment provided the environment is
compatible to the condition of the heat treatment
step. Thus the heat treatment step does not need to
be performed immediately after the coating
deposition step or at thé same facility.

While the examples above use detonation gun
Means to apply the coatings, coatings of the present
invention may be produced using other thermal spray
technologies, including, but not limited to, plasma
spray, high velocity oxy-fuel deposition, and
hypersonic flame spray.

———
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h-6-uSuitabIe chrom um car bi de are [err] with.[err] being the prefehred.-~-jy

- Deposited coatings of [err]

t enper at ur es,

CLAIMS

i« A process for coating a surface of a gas path
camenent of a turbo machine with a-coating composed
o =:romium carbide and an age hardenable nickel base
a_lxt which comprises the step of thermal spraying a
camesition of chromium carbide and an age hardenable
izw. base alloy onto at least a portion of a surface
of : jas path component of a turbo machine.

<. A process according to claim 1, wherein the
as-zposited coating then is heated at a temperature
sufsizient to cause Precipitation of intermetallic
comenents within the nickel base alloy constituent of
the oating.

3. A process according to claim 1 or 2, wherein
the as-deposited coating is then heated at a
temrezature from 538°C to 899°C (1000°F to 1650°F) for
from 3.5 to 22 hours. :

i. A process according'to claim 3, wherein the
temperature of heating is from 691°c to 760°C (1275°F
to 1800°F) for from 4 to i hours.

5. A process according to any of claims 1 to 4,
wherein the age hardenable nickel base alloy contains
about 53 weight percent nickel, about 19 weight
percent chromium, about 19 weight percent iron, about
3 weight percent molybdenum, about 5 weight percent
niobium, about 1 weight bercent tantalum, with the
remaiader, if any, being one or more elements.

5. A process according to any of claims 1 to 5,
wherein the chromium carbide is selected from Cr3C,,
Cr4C;, and Cry3Cq.

7. A process according to any of claims 1 to 6,
wherein the chromium carbide comprises from 50 to 95
weight percent of the coating and the age hardenable

i

pl us Inconel 718 have been exani ned by X-ray

| ' ' J d to consist predonmnantly of .
€ n of the mcrostructure and foun _ m na ;
Fgﬁlfaéiﬁs [err]. It is believed that on |ong termexposure at elevate

the O



. [erw]- may be converted to [err]. For nost applica- tions. the chromiumin
the chrom um carbi de should be from35 to 95 weight percent. and-preferably
about 87 weight percent. For nost applications, the weight ﬁfrc t of the

chrom um car bi de conponent of the coating could Tm\‘m“m \L& wei ght
-percent, preferably from70 to 90 wei ght percent enabl e

ni ckel base alloy could vary from5 to 50 wei ght per&ent, preferably from
10 to 30 wei ght percent of the coating. -23-

nickel base alloy comprises from 5 to 50 weight
percent of the coating.

8. A process according to claim 7, wherein the

. chrome carbide comprises from 70 to 90 weight percent
and the age hardenable nickel base alloy is from 10 to
30 weight percent of the coating.

9. A process according to any of claims 1 to 8,
wherein the gas path component of the turbo machine is
selected from blades, vanes, duct segments and
diaphragms.

10. A process according to any of claims 1 to 9,
wherein the turbo machine is a turbine.

1l. A turbo machine having a gas path component
coated with a chromium carbide and age hardenable
nickel base alloy composition.

12. A turbo machine according to claim 11
wherein the coating comprises a heat treated chromium
carbide and age hardened nickel base alloy
composition. _

13. A turbo machine according to claim 11 or 12,
wherein the machine is a turbine. |

14. A turbo machine according to any of claims
11 to 13, wherein the gas path component is selected
from a blade, a vane, a diaphragm, or a nozzle block.

15. A turbo machine according to any of claims
11 to 14, ‘wherein the chromium carbide comprises
Cr3C,.

16. A turbo machine according to any of claims
13 to 15, wherein intermetallic compounds are

precipitated within the nickel base alloy constituent
of the coating.

ra
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Fl anme plating by means of detonation using a deto- nating gun can be. used
- to produce coatings of this in- vention. Basically, the detonation gun A
consists of a fluid-cooled barrel having a small i nner dianeter of about -
one inch. Generally a mxture of oxygen and acetylene is fed into the gu
along with a coating pow der. The oxygen-acetylene fuel gas mxture is
ignited to produce a detonati on wave mthg travel s down the barrel of the’
gun whereupon the coating materal is heatéd and propelled out of the gun

onto an article to be
ABSTRACT

PRODUCTION OF CHROMIUM CARBIDE-NICKEL BASE COATINGS

A process for coating for a gas path component of
a turbo machine which comprises Sprajing of a chromium
carbide and an age hardenable nickel base alloy onto
the gas path component and a turbo machine having a gas
Path component coated with a chromium carbide and age
hardenable nickel base alloy composition.
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The present invention relates to an improved
erosion resistant coating for turbo- machine gas path
components comprising thermal spray depositing a
chromium carbide and an age hardenable nickel base
alloy on the surface of gas path components and then
preferably heat treating the gas path components.

Chromium carbide-nickel base alloys are
known in the art as coatings to combat high static
coefficients of friction and high wear rates of 316
stainless steel components in the core of sodium
cooled reactors. The coatings for such application
have to withstand high neutron irradiation, be
resistaﬂt to liquid sodium, have thermal shock
resistance and have good self-mating characteristics
jn terms of coefficient of friction and low wear
rates. The published article titled "Sodium
Compatibility Studies of Low Friction Carbide
Coatings for Reactor Application™, Paper No. 17, by
G. A. Whitlow et al, Corrosion/74, Chicago,
I1linois., March 4-8, 1974 discusses the effects of
thermal cycling, compatibility with sodium, and the like on
a variety of coatings including the detonation gun
Cr3C; + Inconel 718 coating. Inconel is a trademark
of International Nickel Company for nickel alloys.

Testing included thermal cycling between 427°C (800°F) and

~ 250CT 199




di scl oses the process of diluting the oxygen-acetylene fuel m xture to
enabl e the detonation-plating process to be used with an increase nunber of
coating conposi- tions and also for new and nore widely useful applica-
tions based on the coating obtainable. The disclosure of this U S Pat. No.
23972,550 is incorporated herein by reference as if the disclosure was
recited in full text in this specification.

—2-

627°C (1160°F) for 1000 hours. After such exposure, there
was no spalling or other mechanical damage to the
CryC, + Inconel 718 coating, and there was no
observable microstructural change using
metallography other than changes within the
substrate. X-ray evaluation of the microstructures,
however, showed that the as-deposited coating
contained Cr,C5; plus Cry3Cq. and that there appeared
to be a conversion of Cr9Cqy to Crzjcs on long term
exposure at elevated temperatures. The detonaticn
gun Cr3Cy + Inconel 718 coating appeared to have
good self-mating adhesive wear resistance when used
in liquid sodium.

In addition to liquid sodium applications,
the chromium carbide base thermal spray coating
family has been in use for many years to provide
sliding and impact wear resistance at elevated
temperatures. The most fregquently used system by
far is the chromium carbide plus nickel chromium
composite. The nickel chromium (usually Ni - 20 Cr)
constituent of the coating has ranged from about 10
to about 35 wt.%. These coatings have been produced
using all types of thermal spray p}ocesses including
plasma spray deposition as well as detonation-gun
deposition. The powder used for thermal spray
deposition is usually a simple mechanical blend of
the two components. While the chromium carbide
component of the powder is usually Cr3C,, the
as-deposited cbatings typically contain a.
preponderance of Cr4Cq élong with lesser amounts of
Cr3C, and Cry3Cg. The difference between the powder
composition and the as-deposited coating is dué to
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-7- In other applications, a second conbusti ble gas ma

acetyl ene, such gas preferably being propyl ene Tg 'X5$6§VQﬁﬁEﬁb 2?|§1;h
gases i's dis- closed in U S. Pat. No. 4,902,539 i‘jswun at ed
herein by reference as if the disclosure was reciltad in ful
specification. Plasma coating torches are another apy 66f ﬁﬁg d
coatings of various.conpositions on suitable

cing

-3 -

the oxidation of the Cr3<C, with consequent loss of
carbon. Ozidation may occur in detonation gun
deposition as a result of oxygen or carbon dioxide
in the detonation gases, while oxidation in plasma
sprayzng occurs as a result of inspiration of air
into the plasma stream. Those coatings with a
relatively high volume fraction of -the metallic
component have been used for self-mating wear
resistance in gas turbine componente at elevated
temperatures. These coatings, because of the high
metallic content, have good impact as well as
fretting wear and oxidation resistance. At lower
temperatures, coatings with nominally 20 wt.%
nickel-chromium have been used for wear against
carbon and carbon graphite in mechanical seals, and
for wear in general in adhesive and abrasive
applications. .These coatings are most frequently
produced by thermal spraylng In this family of
coating processes, the coatlng material, usually in
the form of powder, is heated to near its melting
_point, accelerated to a high velocity, and impinged
upon the surface to be coated. The particles strike
the surface and flow laterally to form thin
lenticular particles, frequently called splats,
which randomly interleaf and overlap to form the
coating. The family of thermal spray coatings
includes detonation gun deposition, oxy-fuel flame
spraying, high velocity oxy-fuel deposition, and
plasma sprav.
It has now been found possible to

provide a process of coating gas path components of
turbo machines which comprises thermal spraying
chromium carbide and an age hardenable nickel base
alloy on the surface of the components. It has also

is Sheet Has Been RTlaced
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substrat es according to this invention. The plasma coat- ing technique is a

|4 ne- of -si ght process in which the coating powder is heated to near or
above its nelting point and accel erated by a plasna gas stream agai nst a

substrate to be coated. On inpact the accel erated pow der fornms a coating

consisting of many | ayers of over- lapping thin lenticular particles or
splats. This process is also suitable for producing coatings of this

i nventi on.

Anot her

met hod of producing the coatings of this invention may

be the high velocity oxy-fuel, including4-

been

found possible to provide a process for

depositing a coating comprising chromium carbide and

an age hardenable nickel base alloy, such as Inconel

718,

onto a surface of a turbo machine gas path

component and then heat treating the coated surface of
the gas path component. It has further been found

possible to provide an improved erosion resistant

coating for gas path components of turbo machines

comprising a chromium carbide plus age hardenable
nickel base alloy coating. It has still further been
found possible to provide a heat treated thermal spray
deposited Cr3C, + Inconel 718 coating for a gas path
component of turbo machines.

The présent invention relates to a .process for

coating a surface of a gas path component of a turbo

machine with a coating composed of chromium carbide

and an age hardenable nickel base alloy comprising the

step

of thermal spraying a powder composition of

chronium carbide and an age hardenable nickel base
alloy onto at least a portion of the surface of a gas

path

component of a turbo machine.

Preferably, the as~deposited coated layér on the

gas path component would be heated at a temperature

and

T \ 1

time period sufficient to cause
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the so-called hypersonic flane spray coating processes. In these processes,
oxygen and a fuel gas are continu- ously conbusted thereby form ng a high
velocity gas streaminto which powdered material of the coating conposition
is injected. The powder particles are heated to near their nelting point,
accel erated, and inpinged upon the surface to be coated. Upon inpact the
powder particles flow outward form ng overlap- ping thin, lenticular
particles or splats. Thc chrom um carbi de powders of the coating mate-
-5 -

precipitation of intermetallic compounds within the
nickel base alloy constituent of the coated layer.
In the heat treatmént step, there is a
transformation of the highly stressed
microcrystalline as-deposited structure to a more
ordered structure in which the phases exhibit well
defined X-ray diffraction patterns.

As used herein, a gas path component shall
mean a component that is designed to be contacted by
a gas stream and used to confine the gas stream or
change the direction of the gas stream in a turbo
machine. Typical turbo machines are gas turbines,
steam turbines, turbo expanders and the like. The
camponent of the turbo machines to be coated can be, for example,
the blades, vanes, duct segments, diaphragms, nozzle
blocks and the like.

Gas path components can be subjected to
erosive wear from solid particles of vérious sizes
entrained in gas streams contacting such components
at various angles. In many designs of turbo
machines, the principal angle of impingement of
solid particles onto the gas path components is low
with angles of 10° to 30° being common. Therefore,
the life of gas path components subjected to erosive
‘'wear is determined by the low angle wear resistance
of the surfaces to particle impingement at these
angles. The chromium carbide.constituent of the
coating provides good erosion resistance while the
age hardenable nickel base alloy constituent of the
coating provides resi;tance to thermal and mechanical
stresses to the coating. It is expected that the age
hardenable nickel base alloy would not effectively

e e REPLACEMENT SHEET
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rial for use in obtaining the coated |ayer of this inven- tion are

pref erably powders nade by the sintering and crushing process. In this
process, the constituents of the powders are sintered at high tenperature
and the resul- tant sinter product is crushed and sized. The netallic
powders are preferably produced by argon atom zation foll owed by sizing.
The powder conponents are then blended by mechanical mxing. Sanple
coatings of this invention were produced and t hen subjected to various
tests along with sanples of

contribute to or increase the erosion resistance of
the coating particularly at low angles of
impingement. However, it was unexpectedly found that
the addition of the age hardenable nickel base alloy
not only provided thermomechanical strength to the
coating but also increased the erosion resistance of
the coating; particularly at low angles of
impingement. This increased erosion resistance of
the coating is particularly important for gas path
components since erosive wear can reduce the overall
dimensions of the components thereby rendering the
turbo machine less efficient in its intended use.
This is particularly true for blades of steam and gas
turbines. _ '

As used herein, an age hardenable nickel
base alloy shall mean a nickel base alloy that can be
hardened by heating to cause a precipitation of an
intermetallic compound from a supersaturated solution
of the nickel base alloy. The interﬁetallic compound
uéually contains at least one element from
aluminium, titanium, niobium and
tantalum. Preferably the element should be present
in an amount from 0.5 to 13 weight peréent, more
preferably from 1 to 9 weight percent of the
coating. The preferred age hardenable nickel base
alloy is Inconel 718 which contains about 53 weight
percent nickel, about 19 weight percent iron, about
19 weight percent chromium, with the remainder being
about 3 weight percent molybdenum; about 5 weight
percent niobium with about 1 weight percent tantalum
and minor amounts of other elements. Inconel 718
when heated can be strengthened by nickel

—_—
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coatings that were not heat treated and/or did not con- tain an age

har denabl e ni ckel base alloy. A brief descrip- tion of the various tests
are described in conjunction with the specific exanples. -8- TEST 1.
FI NE CHROM TE EROCSI ON TEST AT ROOM TEMPERATURE

intermetallic compounds precipitating in an

austenitic (fcc) matrix. Inconel 718 is believed to
deposit a nickel-niobium compound .as the hardening
phase. For age hardening alloys precipitation starts

at about 538°C (1000°F) and generally increases with

increasing temperature. However, above a certain
temperature, such as for example 904°C (1650°F), the secondary phase
may go back into solution. The resolutioning temperature
for Inconel 718 is 1550°F (843°C). Typical aging
temperatures for Inconel 718 are from 1275°F to

1400°F (691°C ~ 760°C) with the generally preferred
temperature being 1325°F (718°C). Generally for

nickel base alloy the age hardening temperature would

be fram 538°C to 899°C (1000°F to 1650°F) and preferably fram 691°C
to 760°C (1275°F to 1400°F). The time period of the heating treatment.
could generally be from at least 0.5 hour to 22

hours, preferably from 4 to 16 hours.

Suitable chromium carbide are Cr3C,, Crj3Cgq.
Cr;C3, with Cr3C2_being the preferred. Deposited
coatings of Cr3C, plus Inconel 718 have been examined
by X-ray evaluation of the microstructure and found
to consist predominantly of Cr4C3 plus Cry3Cg. It is
believed that on long term exposure at elevated
temperatures, the Cr4;C; may be converted to Cr,3Cq.
For most applications, the chromium in the chromium
carbide should be from 85 to 95 weight percent, and
preferably about 87 weight percent.

For most applications, the weight percent of
the chromium carbide component of the coating could
vary from 50 to 95 weight percent, preferably from 70
to 90 weight percent and the age hardenable nickel

‘Been Replaced ' REPLACEMENT SHEET
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To denonstrate the superior erosion resistance of the coatings of this

i'nvention, an
erodent. For t
50. 8 mm |.ong,

t he coating of

To test the coatings,

erosion test was run using fine chromte [err] as the

his testing, type 304 stainless steel panels, 25.4 nmm w de,

and 1.6 mmthick, were coated on one 25.4X50.8 mmface with
interest. The coatings were nomnally 150 m croneters thick.

a 2.19 mmdianeter airjet at an angle of [err] fromthe surface of the
panel, with the airjet aligned along the.g.

base alloy could vary from 5 to 50 weight percent,
preferably from 10 to 30 weight percent of the
coating. :

Flame plating by means of detonation using a
detonating gun can be used to pro&ucé coatings of this
invention. Basically, the detonation gun consists of
a fluid-cooled barrel having a small inner diameter of
about 2.54cm (one inch). Generally a mixture of
oxygen and acetylene is fed into the gun along with a
coating powder. The oxygen-acetylene fuel gas mixture
is ignited to produce a detonation wave which travels
down the barrel of the gun whereupon the coating
material is heated and propelled out of the gun onto
an article to be coated. Reference is made to US-A-

2 714 563 for the disclosure of a method and apparatus
which utilizes-detonation waves for flame coating.

In some applications it may be desirable to
dilute the oxygen-acetylene fuel mixture with an
inert gas such as, for example, nitrogen or argon.
The gaseous diluent has been foﬁnd to reduce the flame
temperature since it does not participate in the
detonation reaction. Reference is made to US-A-
2 972 550 for the disclosure of a process of diluting
the oxygen-acetylene fuel mixture to enable the
detonation-plating process to be used with an
increased number of coating compositions and ‘also for

new and more widely useful applications based on the
coating obtainable.

25 OCT 1996

the panels were placed at a distance of 101.6 nmm from
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Iond axi s of the panel.
(0. 22 [err]).

t he paraneters and procedures the

_
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In other applicatians, a second combustible gas
may be used along with acetylene, such gas preferably
being propylene, Reference is made to US-A-

4 902 539 for disclosure of the use of two combustible
gases. .

Plasma coating torches are another means for
producing coatings of various compositions on suitable
substrates according to the present invention. The
plasma coating technique is a line-of-sight process in
which the coating powder is heated to near or above
its melting point and accelerated by a plasma gas
stream against a substrate to be coated. On impact
the accelerated powder forms a coating consisting of
many layers of overlapping thin lenticular particles
or splats. This process is also suitable for
produﬁing coatings of the present invention.

~Another method of producing the coatings of the
present invention may be the high velocity oxy-fuel,
including the so-called hypersonic flame spray coating
processes. In these processes, oxygen and a fuel gas
are continuously combusted thereby forming a high
velocity gas stream into which powdered material of
the coating composition is injected. The powder
particles are heated to near their melting point,
accelerated, and impinged upon the surface to be
coated. Upon impact the powder particles flow outward
forming overlapping thin, lenticular particlés or
splats. '

REPLACEMENT SHEET
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Air was fed to the jet at a pressure of 32 psig
1200 grans of the fine chro- mte erodent was aspirated into
the airiet at a rate such that all of the material was consumed in 100-110
sec- onds. The ampbunt of erosion of the coating caused by the inpinging
fine chromte particles was neasured by wei ghing the panel
the test. The ero- tion rate was expressed as wei ght change per gram of
erodent. A simlar test was run at an angle of inpinge- nent of 90 with al

before and after

4



same with the exception that only 600 grams of material were fed to the
airjet.  -9- EXAWPLE 1 To evaluate the efficacy of the coatings of this
inven- tion in resisting the erosion by very fine particles, sim- lar to
those found in many industrial applications, Test

- 10 -

The chromium carbide powdefs of the coating

material for use in obtaining the coated layer of
the present invention are preferably powders made by the
sintering and crushing process. In this process, the
constituents of the powders are sintered at high

~ temperature and the.resultant sinter product is
crushed and sized. The metallic powders are
preferably produced by argon atomi;ation followed by
sizing; The powder components are then blended by
mechanical mixing.

- Sample coathxﬁ;of'ﬂmapmeseﬁt:hnmmtﬂmxwere
produced and then subjected to various tests along
with samples of coatings that were not heat treated
and/or did not contain an age hardenable nickel base
alloy. A brief description of the various tests are
described in conjunction with the specific Examples

Temperature
To demonstrate the superior erosion

resistance of the coatings of this invention, an
erosion test was run using fine chromite (FeCr204) as
the erodent. For this testing, type 304 stainless
steel panels, 25.4 mm wide, 50.8 mm long, and 1.6 mm
thick, were coated on one 25.4 x 50.8 mm face with
the coating of interest. The coatings were nominally

150n&mxmetres thick. To test the coatings, the
panels were placed at a distance of 101.6 mm from a
2.19 mm diameter airjet at an angle of 20° from the
surface of the panel, with the airjet aligngd alona
the long axis of the panel. Air was fed to the jet
at a pressure of 32 psig (0.22 MN/mZ). 1200 grams of

)
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1 was used.

fossil fuel

this inven-

In this test, the erodent material is a fine chromte [err],
material simlar to the material that exfoliateg-f+om-heat exchangers in
elec- tric power utilities. This ma} efifialif bec@ﬂﬂﬂﬁgﬂtralned in
the steam and causes solid particle erosion of {hg—tur-—brare—hn fthis test,
chrom um car bi de- ni ckel chrom um coatings were vonpgéfﬁ wagg cdating of
tion, chrom um carbide-Inconel 718,}jin Q:h Bs-[ doated and
in the heat treated condition. Coatings about 1pOlmicarneters tlhijck were
deposited on a type 304

- 11 -

the fine chromite erodent was aspirated into the
airjet at a rate such that all of the material was
consumed in 100-110 seéonds. The amount of erosion
of the coating caused by the impinging fine chromite
particles was measured by weighing the panel before
and after the test. The erosion rate was expressed
as weight change per gram of erodent. A similar test
was run at an angle of impingement of 90° with all
the parameters and procedures the same with the

exception that only 600 grams of material were fed to

the airjet.

Example 1

To evaluate the efficacy of the coatings of
the present invention in resisting the erosion by very fine
particles, similar to those found in many industrial
applications, Test I was used. In this test, the
erodent material is a fine chromite (FeCr,04). 2
material similar to the material that exfoliates from
heat exchangers in fossil fuel electric power
utilities. This material becomes entrained in the
steam and causes solid particle erosion of the
turbine. In this test, chromium carbide-nickel
chromium coatings were compared with a coating of
the present inventioﬂ, chramium carbide-Inconel 718, in both
the as-coated and in the heat treated condition.
Coatinds about 150 micrometres thick were deposited
on a type 304 stainless steel substrate using a
detonation gun process. The starting cbating powder
for Coating A in Table 1 was 11% Inconel 718 and 89%
chromium carbide. The starting powder for Coating B
in Table 1 was 11% Ni20Cr and 89% chromium carbide.

e
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stainl ess steel substrate using a detonation gun process. The starting
coating powder for Coating Ain Table 1 was 11% I nconel 718 and 89%
chrom um car bi de. The starting powder for Coating Bin Table 1 was 11%

Ni 20Cr and 89% chrom um car bi de. Heat treatnent, in this exanple, was for 8
hours at [err] C. in vacuum As can be seen in the data of Test | as shown
in Table 1, there is no significant difference in the perfornmance of the
two coatings in the as-coated condition at either 20 or 90" angl e of

i npi ngenent in the fine chromte test at,_

t

Heat treatment, in this Example, was for 8 hours at
718°C in vacuum. As can be seen in the data of Test I
as shown in Table 1, there is no significant
difference in the performance of the two coatings in
the as-coated condition at either 20° or 90° angle of
impingement in the fine chromite test at room
temperature. However, it can be readily seen that in
the heat treated condition, the coating of the present
invention (Coating A) is substantially superior to
that of Coating B at both 20°C and 90° angles of

impingement.
JABLE 1
. tas * * *
Coating Composition HT TRT Rate @ 20° ug/g Rate 8 90° yag/q
Sample wt.% hrs/°C as ctd ht trtd as ctd ht trtd
A 16 [IN 718] _ 8/718 18 3 28 2
+ 84 [CrCarbide]
B 20 [8ONi20Cr] 8/718 17 § 23 9

+ 80 [CrCarbidel
* “HT TRT" means heat treatment, "ctd" means coated,

"trtd" means heat treated'(also in other Tables).

D ——t  at— e e e e S ——————VEY A —— ——

temperature.

To demonstrate the superior erosion resistance of
the coatings of the present invention, an erosion test
was run with both the coating and the erodent
maintained at a temperature of nominally 550?C. For
this testing, type 304 stainless steel panels 4.0mm
thick were coated on a 25.4 mm long, 12.7 mm wide face
with the coating of interest. The coatings

were nominally 250 micrometres thick. To

— REPLACEMENT SHEET
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roomtenperature. However, it can be readily seen that in the heat treated
condition, the coating of this inven- tion (Coating A) is substantially
superior to that of Coating B at both [err] C. at [err] angles of

I mpi ngenent TABLE 1 [err] - 10 - ' ’

- 13 -

test the coatings, the panels were mounted at one end
of a heated tunnel 89 mm by 25.4 mm in cross-section
and 3.66 m long at the other end of which was mounted
a combustor which produced a stream of hot gas
sufficient to heat the sample coatings to the
aforementioned test temperature. Relatively coarse
chromite erodent of 75 micrometres nominal diamter -
was introduced into the combustor exhaust stream such
that it achieved a velocity of nominally 228 metres
per second before it impinged on the surface of the
coating. The angle of impingement was varied by
mechanically adjusting the aspect angle of the coated
specimen. The amount of erosion caused by the
impinging chromite particles was measured by weighing
the panel before and after the test. The erosion
rate was expressed as weight change per gram of
erodent that impinged on the sample.

Example 2

To assess the value of the coatings of the present
-invention in erosion resistance at elevated
temperatures, Test II was used. In this test, a
somewhat coarser chromite material of the same
chemical composition, but larger particle size was
used than the Tesf I used in Example 1. - In this
test, Coating A (80 wt.% chromium carbide plus 20
wt.% nickel chromium) and Coating C (65 wt.% chromium
carbide plus 35 wt.% nickel chromium) were compared
with a coating of the present invention, Coating B (78 wt.3
chromium carbide plﬁs 22 wt.% IN-718). The coatings
were applied as in Example 1 to about 250 micrometres
thick. The results of this test with a particle
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TEST |1. COARSE CHROM TE EROCSI ON TEST AT ELEVATED TEMPERATURE To denobnst 2te
tthe superior erosion resistance of the coatings of this invention, an
erosion test was run with both the coating and the crodet nmintained at a
tem perature of nomnally [err] C. For this testing type 304 stainless
steel panels 4.0 mmthick were coated on a 25.4 nmlong, 12.7 nmw de face
with the coating of inter- est The coatings were nomnally 250 m croneters
thick. To test the coatings, the panels were nounted at

- 14 -

velocity of 228 m/sec are shown in Table 2A. Similar
tests were run with a pérticle velocity of 303 m/sec,
as shown in Table 2B. From the data, it is quite
evident that the coating of the present invention (Coating
B) is better than Coatings A and C with a particle
velocity of 228 m/sec (Table 2A) at all angles of
impingement and superior at an angle of impingement

- of 15°. At a particle velocity of 303 m/sec (Table
2B) the coating of the present invention (Coating B) was
superior to Coatings A and C in the coarse chromite
erosion test at an angle of impingement of 1S-°.

JABLE 2A

Rates -~ micrograms loss / g erodent

Angle of Attack 15¢ 30° 50° 70° 90°
Coating Cohposition - wt.%
Sample
A 20 [BONi20Cr}~ 880 1410 1560 1680 1730
+ 80 {Crlarbide]
B 22 [IN 718] 600 1200 1350 1460 1500
+ 78 (CrCarbide} -
c " 35 [BONi20Cr) 950 1740 1920 2000 2020

+ 65 [CrCarbide]

" Particle size of metallic fraction is smaller than in Coatings B and C.

_ REET
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one end of a heated tunnel 89 mmby 25.4 nmmin cross- section and 3.66 m
I'ong at the other end of which was nounted a conbustor which produced a
stream of hot gas sufficient to heat the sanple coatings to the afore-
mentioned test tenperature. Relatively coarse chromte erodent of 75

m cronmeters nom nal dianeter was intro- duced into the conbustor exhaust
stream such that it achieved a velocity of nomnally 228 neters per second
before it inpinged on the surface of the coating. The angl e of i npingenent
was varied by nechanically ad- - 15 -

TABLE 28

Rates - micrograms loss / g erodent

Angle of Attack 15¢ 30° 50° 70° 90°

Coating Composition - wt.%
Sample
Al 20 [80Ni20Cr]"- 1630 2200 2840 3120 3190
+ 80 {CrCarbide]
B2 22 [IN 718] 1130 2520 2700 3020 3050
+ 78 [CrCarbide]
3 35 [80Ni20Cr) 2620 3270 3760 3830 4030

+ 65 {CrCarbide]

*Particle size of metallic fraction is smaller than in Coatings B and C.
1 - Starting powder contains 11% (80 nickel-20 chromium), 89% Cr3C2 ‘
2 ~ Starting powder contains 11% Inconel 718, 89% ::r3c2

3 - Starting powder contains 25% (80 nickel-20 chromium), 75% C"3C2~

Test III. Coarse Alumina Erosion Test at Room
Temperature
To demonstrate the superior erosion

zmsﬂﬂzmcecﬁ'ﬂxacaﬂjngs<ﬁfthe;mesaﬁ:imwmtﬂxh an
erosion test was run using relatively coarse angular
alumina as the erodent. For this testing, type 304

. stainless steel panels, 25.4 mm wide, 50.8 mm long,
and 1.6 mm thick, were coated on one 25.4 x 50.8 mm
face with the coating of interest. The coatings were
nominally 150 micrometres thick. To test the
coatings, the panels were placed at a distance of
101.6 mm from a 2.19 mm diameter airjet at an angle
of 20° from the surface of the panel, with the airjet
aligned along the long axis of the panel. Air was
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justing the aspect angle of the coated speci nen. The anount of erosion
caused by the inpinging chromte particles was neasured by wei ghing the
panel before and after the test. The erosion rate was expressed as wei ght
change per gram of crodent that inpinged on the sanple. -11-

- 16 -

fed to the jet at a pressure of 32 psig (0.22 MN/m2).
600 grams of the alumina erodent was aspirated into
the airjet at a rate such that all” of the material
was consumed in 100-110 seconds. The amount of
erosion of the coating caused by the impinging
alumina particles was measured by weighing the panel
before and after the test. The erosion rate was
expressed as weight change per gram of erodent. A
similar test was run at an impingement angle of 90°
with all the parameters and procedures the same with
the exception that only 300 grams of material were
fed to the airjet.

Example 3

In this test, relatively large alumina
particles are used at room temperature. Testing was
done using Test III at both 20° and 90° angles of
impingement with the coatings either as-coated or
heat-treated as shown in Table 3. The heat treatment
in this example was either 8 hours in vacuum at 718°C
or B hours in air at 718°C. The coatings were
applied as in Example 1 to a thickness of 150
micrometres and the starting and final composition of
the powders and coated layers, respectively, are
shown in Table 3. From the data, it is evident that
in the as-coated condition, there is little
difference between the three coatings .when tested
with coarse alumina at room temperature. The
heat-treated coatings at an angle of impingement of
90° showed an improvement. However, at an angle of
impingement of 20°, there is a substantial

improvement between the coatings of the present invention
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EXAMPLE 2 To assess the value of the coatings of this invention in erosion
resi stance at elevated tenperatures, Test Il was used. In this test, a
somewhat coarser chromte material of the same chem cal conposition, but

| arger particle size was used than the Test | used in Exanple 1. In this
test, Coating A (80 wt. % chrom um carbide plus 20 Wt % ni ckel chrom um
and Coating C (65 wt. % chro- mum carbide plus 35 wt. % nickel chrom um
were conpared with a coating of this igvggtLon, Coating B

(Coatings A and B) and that of the prior art (Coating
C). This is a very significant finding since most
erosion in industry occurs at low-angles, not high
anglgs. .

' The coating of Sample Coating A that was
heated in vacuum was further heated for 72 hours at
718°C in air which is considered overaging of the
coating. However, the erosion rate at 20° was found
to be 57 ug/g and the erosion rate at 90° was found
to be 78 ug/g. The improved coating performance was
retained despite overaging which could occur due to
service exposure.

JABLE 3
Coating Composition HT TRT m_g_&zp_:_y_q/_q hd
Sample wt.% Atmosphere as ctd ht trtd as ctd ht trtd
A 16 [IN 718)" Air .99 49 14 80
+ 84 [CrCarbide] Vacuum 109 70 122 96
B 20 [IN 718)7 Air 14 61 114 g2
+ 80 [CrCarbide]
c 20 [8oNi20Cr)2 Vacuum m 92 110 119

+ 80 (CrCarbide]

1 Starting powder contains 11% IN 718, 89% chromium carbide
2 Starting powder contains 11% (80 nickel-20 chromium), 89% chrom1um carbide

Example 4
In this Example, the effect of the amount of

the metallic phase in three coatings of the present
invention were compared using Test III. Coatings 150
micrometres thick in both the as-coated and
heat-treated conditions were evaluated. The heat
treatment in this case was 8 hours in vacuum at
718°C. The results are shown in Table 4. With an

-
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(78 wt. % chrom um carbide plus 22 wt. %I N 718). The coatings were applied
as in Exanple | to about 250 m croneters thick. The results of this test
with a parti- cle velocity of 228 misec are shown in Table 2A. Sim - |ar
tests were run with a particle velocity of 303 nisec, as shown in Table 2B.

Fromthe data, it is quite evident that the coating of this invention
(Coating B) is better than Coatings A and Cwith a particle velocity of 228

m sec (Table 2A) at all angles of inpiggggeqt and superior at an angle of
| mpi ngenent of [err]. At a particle

angle of impingement of 90°, there is little
difference in performance between the three coatings
in either the as-coated or heat-treated condition.
With an angle of impingément of 20°, there appears to
be a slight increase in erosion rates with an
increase in the metallic phase-in either the
as-coated or heat-treated condition. This increase,
however, is not very great. It is evident,

therefore, tmﬂ:thetxnmings of the present invention have
great utility over a wide range of metallic phase

content.
TABLE &
g:;;i':g . co:f?;ition as ctg h;. trtd astctd h: tgg
R L= T
R L

c 27 [IN 718] 117 74
+ 23 [CrCarbide]3 . 123 7

1 Starting Powder contains 5.5% IN 718 9 fum

. 5.5% chromi bid
2 Starting Powder contains 11X IN 718,’892 chromium :ﬂ?;;el )
3 Starting Powder contains 16.5% IN 718, 83.5% chromium carbide

Test IV. Fine Alumina Erosion Test at Elevated
Temperature '

To demonstrate the superior erosion
resistance of the coatings of the present invention, an

erosion test was run with both the coating and the

— - REPLACEMENT SHEET
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velécity of 303 msec (Table 2B) the coating of this invention (Coating B)
was superior to Coatings A and Cin the coarse chromte erosion test at an
angle of im pingenment of [err]. REPLACEMENT SHEET - 12 - [err]

- 19 -

erodent maintained at a temperature of nominally
500°C. For this testing, type 410 stainless steel
blocks 12.7 mm thick weTe coated an a 34 mm long, 19
mm wide face with the coating of interest. The
coatings were nominally 250 microametres thick. To

test the coatings, the blocks were mounted in an
enclosure filled with inert gas into which a stream
of alumina particles of 27 micrometres nominal size
suspended in inert gas could be introduced through a
1.6 mm diameter, 150 mm long nozzle made of cemented
carbide. The coated samples were positioned 20 mm
from the exit end of this nozzle, oriented at angles
of 90° or 30° to the centreline of the nozzle. The
enclosure was placed within a furnace which heated
the coated samples to a temperature of 500°C. While
they were at this temperature they were subjected to
the impact of a known mass of alumina particles
flowing at a velocity of about 94 metres pex second
for a fixed period of time. The maximum depth to
which the coating was penetrated by the alumina
particles was taken as the measure of erosion. The
erosion rate was expressed as depth of penetration
per gram of erodent that impinged on the samp}e.

Example 5

Sample coatings 150 micrometres thick were
produced as in Example 1 using the composition shown
in Table 5. The data show that the erosion rate at
an impingement angle of 30° for the heat treated
coatings of the present invention (Coatings A and B) were
better than the heat treated coatings of the prior
art (Coatings C and D).
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To denonstrate the superior erosion resistance of the coatings of this
l-nvention, an erosion test was run using relatively coarse angul ar al um na

as the erodent. For this testing type 304 stainless steel panels, 25.4 nm
wide, 50.8 mmlong, and 1.6 nmthick, were coated on one [err] mmface with ,
the coating of intrest. The coatings were nom nally 150 m croneters thick

To test the coatings, the panels were placed at a distance of 101.6 nmm from
‘a 2.19 mmdianmer airjet at an angle of [err] fromthe surface of the panel,

with the airjet aligned - 20 -
IABLE S

Coating Composition " HT TRT  Rate 8 90° Rate @ 30°
Sample wt/% hrs/°C (um/g) (um/g)
A -16 [IN 718] None 14% oo 85
+ 84 [CrCarbide]l 72/550 . 136 67
16/718 157 61
B 20 [IN 718] None 172 82
+ 80 [CrCarbide]l  72/550 186 68
16/718 165 72-
c 20 [80ONiz20Cr] None 183 79
+ 80 [CrCarbide]?  72/550 171 110
D 20 [BONi20Cr] None 170 . 89
: + 80 [CrCarbide}? 72/550 199 92

-1 Starting Powder contains 11% IN 718, 89% chromium carbide
2 Starting Powder contains 11% Nichrome, 89% chromium carbide

The heat-treated chromium carbide plus

nickel base age hardenable alloy coating of the present
30 invention is ideally suited for use in gas path

components of turbo machines. The thickness of the
coating can vary from 5 to 1000 microns thick ‘for
most applications with a thickness between about 15
and 250 microns beinglpreferred. Suitable
substrates for use in the present invention would include
nickel base alloys, cobalt base alloys, iron base
alloys, titanium base alloys and refractory base
alloys. '

The heat treatment step of the present invention .
could be performed following the coating deposition
step at the same facility or the coated gas path
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along the long axis of the panel. Air was fed to the jet at a pressure of
32 psig (0.22 MNnR). 600 grams of the alum na erodent was aspirated into-
the airjet at a rate such that all of the material was consumed in 100-110
seconds. The amount of erosion of the coating caused. by the inpinging
alum na particles was neasured by wei ghing the panel before and after the
test. The ero- sion rate was expressed as wei ght change per gramof
erodent. A simlar test was run at an |np|ngenent angle of [err] with al

t he paraneters and procedures the same™

component could be installed on or to a turbo
machine system and then the coated component could
be exposed to the heat treatment step. If the
intended environment of the coated component is
compatible to the heat treatment step, then the
coated component could be heat treated in its -
intended environment. For example, the coated
camponent, such as, for example, a blade, could be exposed to an
elevated temperature in its intended environment and
the heat treatment step could be performed in such
an environment provided the environment is
compatible to the condition of the heat treatment
step. Thus the heat treatment step does not need to
be performed immediately after the coating
deposition step or at thé same facility.

While the examples above use detonation gun
means to apply the coatings, coatings of the present
invention may be produced using other thermal spray
technologies, including, but not limited to, plasma
spray, high velocity oxy-fuel deposition, and
hypersonic flame spray.
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with the exception that only 300 grans of material were fed to the airjet.
- 13 - EXAWPLE 3 In this test, relatively large alumna particles are used
at roomtenperature. Testing was done using Test 11l at both [err] and
[err] angles of inpingement with the coat- S

“aa - OO RN O
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CLAIMS

1. A process for coating a surface of a gas path
component of a turbo machine with a-coating composed
of niromium carbide and an age hardenable nickel base
alléy which comprises the step of thermal spraying a
composition of chromium carbide and an age hardenable
nickel base alloy onto at least a portion of a surface
of a gas path component of a turbo machine.

2. - A process according to claim 1, wherein the
as-deposited 'coating then is heated at a temperature
sufficient to cause precipitation of intermetallic
components'within the nickel base alloy constituent of
the roating.

3. A process according to claim 1 or 2, wherein
the is-depos’it'ed coating is then heated at a
temperature from 538°C to 899°C (1000°F to 1650°F) for
from 0.5 to 22 hours.

4, A process according to claim 3, wherein the
temperature of heating is from 691°C to 760°C (1275°F
to 1400°F) for from 4 to 16 hours.

5. A process according to any of claims 1 to 4,
wherein the age hardenable nickel base alloy contains
about 53 weight percent nickel, about 19 weight
percent chromium, about 19 weight percent iron, about
3 weight percent molybdenum, about 5 weight percent
niobium, about 1 weight percent tantalum, with the
remainder, if any, being one or more elements.

6. A process according to any of claims 1 to 5,
wherein the chromium carbide is selected from Crx,C,,
Cr,C,, and Crx,;Cq. '

7. A process according to any of claims 1 to 6,
wherein the chromium carbide comprises from 50 to 95
weight percent of the coating and the age hardenable'
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ingé either as-coated or heat-treated as shown in Table 3. The heat
treatment in this exanple was either 8 hours in vasyumat [err] or 8 hours

in air at [err]. The coatings were applied as |n ﬁile 1 to a“thickness

.of 150 mcronmeters and the starting and final co Immw igrwders
e

and coated | ayers, respectively, are shown in Tab
evident that in the as-coated condition, there is littletdiffere betmeen
the three coatings when tested with coar se alun1na at roomtenperature. The
heat-treated coatings at an

nickel base alloy comprises from 5 to 50 weight
percent of the coating.

8. A process according to claim 7, wherein the
chrome carbide comprises from 70 to 90 weight percent
and the age hardenable nickel base alloy is from 10 to
30 weight percent of the coating.

9. A process according to any of claims 1 to 8,
wherein the gas path component of the turbo machine is
selected from blades, vanes, duct segments and
diaphragms.

10. A process according to any of claims 1 to 9,
wherein the turbo machine is a turbine.

11. A turbo machine having a gas path component
coated with a chromium carbide and age hardenable
nickel base alloy composition.

12. A turbo machine according to claim 11
wherein the coating comprises a heat treated chromium
carbide and age hardened nickel base alloy
composition. _

13. A turbo machine according to claim 11 or 12,
wherein the machine is a turbine.

14. - A turbo machine according to any of claims
11 to 13, wherein the gas path component is selected
from a blade, a vane, a diaphragm, or a nozzle block.

15. A turbo machine éccording to any of claims
11 to 14, wherein the chromium carbide comprises
Cr3Cy. .
16. A turbo machine according to any of claims
13 to 15, wherein intermetallic compounds are
precipitated within the nickel base alloy constituent
of the coating.
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angl e of inpingenment of [err] showed an inprovenent. However, at an angle
of inpingenent of [err], there is a substantial inprovenent between the
coatings of this invention (Coatings A and B) and that of the prior art
(Coating C). This is a very significant finding since nost erosion in

I ndustry occurs at | ow angles, not high an- gles. The coating of Sanple
Coating A that was heated in vacuumwas further heated for 72 hours at
[err]. in air which is considered averagpgg of the coating. How

ABSTRACT

PRODUCTION OF CHROMIUM CARBIDE-NICKEL BASE COATINGS

| e ——— e ——— ———— T —————————an

A proceés for coating for a gas path component of
a turbo machine which comprises spraying of a chromium
carbide and an age hardenable nickel base alloy onto
the gas path component and a turbo machine having a gas
path component coated with a chromium carbide and age

hardenable nickel base alloy composition.
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ALLOY COATINGS AND COATED ARTICLES SO
—PRODUCED

FIELD OF THE INVENTION

This invention relates to an improved erosion resis-
tant coating for turbo machine gas path components
comprising thermal spray depositing a chromium car-
bide and an age hardenable nickel base alloy on the
surface of gss path components and then preferably
heat treating the gas path components.

BACKGROUND OF THE INVENTION

Chromium carbide-nickel base alloys are known in
the art as coatings to combat high static coefficients of
friction and high wear rates of 316 stainless steel com-
ponests in the core of sodium cooled reactors. The
coatings for such application hsve to withstand high
peutron irradiation, be resistant to liquid sodium, have
thermal shock resistance and have good self-mating
characteristics in terms of coefficient of friction and low
wear rates. The published article titled “Sodium Com-
patibility Studies of Low Friction Carbide Coatings for
Reactor Application”, Paper No. 17, by G. A. Whitlow
et al, Corrosion/74, Chicago, 1ll., Mar. 4-8, 1974 dis-

cusses the effects of thermal cyclmg, compatibility with
sodium, etc. on a variety of coatings including the deto-

- pation gun Cr;Cz+Inconel 718 coating. Inconel is &

trademark of International Nickel Company for nickel
alloys. Testing included thermal cycling between 800°
F. and 1160° F. for 1000 hours. After such exposure,
there was no spalling or other mechanical damage to

the Cr3C;+Inconel 718 coating, and there was no ob-

servable microstructural change using metallography
other than changes within the substrate. X-ray evalua-
tion of the microstructures, however, showed that the
as-depaosited coating contained CryC; plus Cr23Cs, and
that there appeared to be a conversion of CrrC3 to
Cr13Cs on long term exposure at elevated temperatures.
The detonation gun Cr3C;+Inconel 718 coating ap-
peared to have good sclf-mating adhesive wear resis-
tance when used in liquid sodium.



In this exanple, the effect of the anount of the ' Ige in three
coat i ngs of rr}t)hi s invention were com pared usi gﬁﬁ@ W‘F ‘L%&g Iings 150
mcroneters thick in both the as-coated and heptftreated condiftijons were
eval uated. The heat treatnment in this case was| 8] hQW# AU 199AcUuUm at [err]
C. The results are shown in Table 4. Wth an gl e of inpingenent of [err],
there is little difference in performance between the Threg coat{ings in
either the as-coated or heat-treated ecoldi-ti onll LN _an angl e of

I npi ngenent of [err], there appears to be a slight

mf

In addition to liquid sodium applications, the chro- -
mium carbide base thermal spray coating family has
been in use for many years to provide sliding and impact
wear resistance at elevated temperatures. The most
frequently used system by far is the chromium carbide
plus nickel chromium composite. The nickel chromium
(usually Ni—20 Cr) constituent of the coating has

. ranged from about 10 to about 35 wt. 9%. These coatings
have becn. produced using all types of thermal spray
processes including plasma spray deposition as well as
detonation gun deposition. The powder used for ther-
mal spray deposition is usually a stmple mechanical
blcnq of the two components. While the chromium
carbide component of the powder is usually Cr3Cz, the
as-deposited coatings typically contain a preponderance
of CriC; along with lesser amounts of CriC; and
(;rnce. The difference between the powder composi-
tion and the as-deposited coating is due to the oxidation
of the Cr3C; with consequent loss of carbon. Oxidation
may occur in detonation gun deposition as a result of
Oxygen or carbon dioxide in the detonation gases, while
oxidation in plasma spraying occurs as a result of inspi-
ration of air into the plasma stream. Those coatings with
a relatively high volume fraction of the metallic compo-

- Beat have been used for self-mating wear resistance in
gas turbine components at elevated temperatures. These
coatings, because of the high metallic content, have
good impact as well as fretting wear and oxidation
resistance. At lower temperatures, coatings with nomi-
nally 20 wt. % nickel-chromium have been used for
wear against carbon and carbon graphite in mechanical
seals, and for wear in general in adhesive and abrasive
applications. These coatings are most frequently pro-
duced by thermal spraying. In this family of coating
processes,.the coating material, usually in the form of
powder, is heated to near its melting point, accelerated
to a high velocity, and impinged upon the surface to be
coated. The particles strike the surface and flow later-
ally to form thin lenticular particles, frequently called
splats, which randomly interleaf and overlap to form
the coating. The family of thermal spray coatings in-
cludes detonation gun deposition, oxy-fuel flame spray-
ing, high velocity oxy-fuel deposition, and plasma
spray.



I ncrease in erosion rates with an increase in the netallic phase in either
t‘he as-coated or heat-treated condition. This increase, however, is not
very great. It is evident, therefore, that the coatings of this invention
have great utility over a wide range-of netallic phase content. TABLE 4
[err] TEST IV. FINE ALUM NA ERCSI ON TEST AT ELEVATED TEMPERATURE To
denonstrate the superior erosion resistance of the
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It is an object of the present invention to provide a2
process: of coating gas path components of turbo ma-
chines which comprises thermal spraying chromium
carbide and an age hardenable nickel base alloy on the
surface of the components.

It is another object of the present invention to pro-
vide a process for depositing a coating comprising chro-
mium carbide and an age hardenable nickel base alloy,
such as Inconel 718, onto a surface of a turbo machine
gas path component and then heat treating the coated
surface of the gas path component

It is another object of the invention to provide an
improved erosion resistant coating for gas path compo-
nents of turbo machines comprising a chromium carbide
plus age hardenable nickel base alloy coating.

It is another object of the invention to provide a beat
treated thermal spray deposited Cr3C:+Inconel 718
coating for a gas path component of turbo machines.

The foregoing and additional objects will become
more apparent from the description and disclosure here-
inafter set forth.



coatings of this invention, an erosion test was run with both the coating
and the erodent nmaintained at a tem perature of noxd-Radty ~or this

rC
testing, type 410 stainless steel blocks 12.7 mntREEilACﬁH!é@ch%{;#Ed on a 34
mmlong, 19 mMm wi de face with the coating of intergstTThe coati ng$ were

nom nally 250 m croneters thick. To test the coatjirgs tﬂﬁsbpqpk \er e
nmounted in an enclo- sure filled with inert gas iintjo %ic a strgam of
alumina particles of 27 microneter nom fal- size slus - t {gas
could be introduced through a 1.6 nm di ane-

SUMMARY OF THE INVENTION

The invention relates to a process for coating a sur-
face of a gas path component of a turbo machine with a
coating composed of chromium carbide and an age
hardenable mickel base alloy comprising the step of
thermal spraying & powder composition of chromium
carbide and an age hardenable nickel base alloy onto at
Jeast a portion of the surface of a gas path component of
a turbo machine.

Preferably, the as-deposited coated layer on the gas
path component would be heated at 2 temperature and
time period sufficient to cause precipitation of interme-
tallic compounds within the nickel base alloy constitu-
ent of the coated layer. In the heat treatment step, there
is & transformation of the highly stressed microcrystal-
line as-deposited structure to a more ordered structure
in which the phases exhibit well defined X-ray diffrac-
tion patterns.

_ As used herein, a gas path component shall mean a

component that is designed to be contacted by a gas
stream and used to confine the gas stream or change the
direction of the gas stream in a turbo machine. Typical
turbo machines are gas turbines, steam turbines, turbo
expanders and the like. The component of the turbo
machines to be coated can be the blades, vanes, duct
scgments, diaphragms, nozzle blocks and the like.

Gas path components can be subjected to crosive
wear from solid particles of various sizes entrained in
gas strcams contacting such components at Vvarnous
angles. In many designs of turbo machines, the principal
angle of impingement of solid particles onto t.bc gas

~ path components is low with angles of 10° to 30° being
common. Therefore, the life of gas path components
subjected 10 erosive wear is determined by t-hc Ipw
angle wear resistance of the surfaces to pa.rt_zclc im-
pingement at these angles. The chromium carbide con-
stituent of the coating provides good erosion resistance
while the age hardenable nickel base alloy constituent
of the coating provides resistance to thermal and me-
chanical stresses to the coating. It is expected that the
age hardenable nickel base alloy would not effectively
contribute to or increase the crosion resistance of the
costing particularly at low angles of impingement.



. 15 - ter, 150 mmlong nozzle nade of cenented cafbde- éﬁ"EEf

were positioned 20 mmfromthe exit end of this noszB’LAﬁfMﬁm

of [err] or [err] to the centerline of the nozzle.{T enclosure
wi thin a furnace which heated the coated sanples t¢ - EImaGugee
VWiile they were at this tenpera-

nS
hf
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anpl es
angl es

pl aced
[err].

However, it was unexpectedly found that the addition
of the age hardenable nickel base alloy not only pro-
vided thermomechanical strength to the coating but
also increased the erosion resistsnce of the coatin;-
" particularly at low angles of impingement. This in-
- Creased erosion resistance of the coating is particularly
important for gas path components since crosive wear
can reduce the overall dimensions of the components
thereby rendering the turbo machine less efficient in its
intended use. This is particularly true for blades of
steam and gas turbines.

As used berein, an age hardenable nickel base alloy
shall mean a nickel base alloy that can be hardened by
heating to cause a precipitation of an intermetallic com-
pound from a supersaturated solution of the nickel base
alloy. The intermetallic compound usually contains at
least one element from the group consisting of alumi-
num, titanium, niobium and tantalum. Preferably the
element should be present in an amount from 0.5 to 13
weight percent, more preferably from 1 to 9 weight
percent of the coating. The preferred age hardenable
nickel base alloy is Inconel 718 which contains about 53
weight percent nickel, about 19 weight percent irom,
about 19 weight percent chromium, with the remainder
being about 3 weight percent molybdenum, about §
weight percent niobium with about 1 weight percent
tantalum and minor amouats of other elements. Inconel
718 whean heated can be strengthcned by nickel interme-
tallic compounds prcmpxtanng in an austenitic (fcc)
matrix. Inconel 718 is believed to deposit a nickel-
niobium compound as the hardening phase. For age
hardening alloys precipitation starts at about 1000° F.
and generally increases with increasing temperature.
However, above a certain temperature, such as 1650°
F., the secondary phase may go back into solution. The
resolutioning temperature for Inconel 718 is 1550° F.
(843" C.). Typical aging temperatures for Inconel 718
are from 1275° F. to 1400° F. (691" C.-760° C.) with the
generally preferred temperature being 1325° F. (718°
C.). Genenally for nickel base alloy the age hardening
temperature would be from 1000° F. to 1650° F. and
preferably from 1275° F. to 1400° F. The time period of
the heating treatment could generally be from at least
0.5 hour to 22 hours, preferably from 4 to 16 hours.



ture they were subj ected to the inpact of a known nass 0

f1owing at a velocity of about 94 neters per secorﬁtpi_p@;mﬂ SHEﬁTp riod of

time. The maxi -

num depth to which the coating was-peretrated By
alum na particles was taken as the measure of erps O?J'l-rfgﬁ % _

particles
tihe
oni rat e was

expressed as depth of penetration per gram of erde [ |nPe on the
sanpl e. EXAMPLE 5 Sanpl e coatings 150 microneterg thick were—pret Huced as
in Exanpl e 1 using the conposition show$é i-n \

Suitable chromium carbide are Cr3C;, Cr1i3Cs, CriCs,
with CriC; being the preferred. Deposited coatings of
Cr3C; plus Inconel 718 have been examined by X-ray
evaluation of the microstructure and found to consist
predominantly of CryCs plus Cr3Ce. 1t is believed that

ou long term exposure at elevated temperatures, the
Cr7C; may be converted to Crz3Cs For most applica-
tions. the chromium in the chromium carbide should be
from 35 to 95 weight percent, and preferably about 87
weight percent.

For most applications, the weight percent of the
chromium carbide component of the coating could vary
from 50 to 95 weight percent, preferably from 70 to 90
weight percent and the age hardenable nickel base alloy
could vary from 5 ta 30 weight percent, preferably from
10 to 30 weight percent of the coating.

Flame plating by mesns of detonation using a2 deto-
nating gun can be used to produce coatings of this in-
vention. Basically, the detonation gun consists of a
fluid-cooled barrel having a small inner dismeter of
about one inch. Generally a mixture of oxygen and
‘acetylene is fed into the gun slcng with a coating pow-
der. The oxygen-acetylene fuel gas mixture is ignited to
produce a detonation wave which travels down the
barrel of the gun whercupon the coating material is
‘heated and propelled out of the gun onto an article to be
coated. U.S. Pat. No. 2,714,563 discloses a method and
spparatus which utilizes detonation waves for flame
coating. The disclosure of this U.S. Pat. No. 2,714,563 is
incorporated herein by reference as if the disclosure
was recited in full text in this specification.

In some applications it may be desirable to dilute the
oxygen-acetylene fuel mixture with an inert gas such as
nitrogen or argon. The gascous diluent has been found
to reduce the flame temperature since it does not partic-
ipate in the detonation reaction. U.S. Pat. No. 2,972,550
discloses the process of diluting the oxygen-acetylene
fuel mixture to enable the detonation-plating process to
be used with an increased number of coating composi-
tions and also for new and more widely uscful applica-
tions based on the coating obtainable. The disclosure of
this U.S. Pat. No. 2,972,550 is incorporated herein by
reference as if the disclosure was recited in full text in
this specification.



: [ [ [ |l e of
Table 5. The data show that the erosion rate at an im pingenent ang
[ferr] for the heat treated coatings of this invention (Coatings A and B)
were better than the heat treated coatings of the pgrigep gehiehfosesrgs C and

D). TABLE 5 [err]
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In other applications, a second combustible gas may
be used along with acetylene, such gas preferably being
propylenc. The use of two combustible gases is dis-
closed in U.S. Pat. No. 4,902,539 which is incorporated
herein by reference as if the disclosurs was recited in
full text in this specification.

Plasma coating torches are another means for pro-
ducing coatings of various compositions on suitable
substrates according 10 this invention. The plasma coat-
ing technique is 2 line-of-sight process in which the
coating powder is heated to near or above ijts melting
point and accelerated by a plasma gas stream against a
substrate to be coated. On impact the accelerated pow-
'der forms a coating consisting of many layers of over-
lapping thin fenticular particles or splats. This process is
also snitable for producing coatings of this invention.

Axother method of producing the coatings of this
invention may be the high velocity oxy-fuel, including
the so-called hypersonic flame spray coating processes.
In these processes, oxygen and a fuel gas are continu-
ously combusted thereby forming a high velocity gas
stream into which powdered material of the coating
composition is injected. The powder particles are
heated to near their melting point, accelerated, and
impinged upon the surface to be coated. Upon impact
the powder particles flow outward forming overlap-
ping thin, lenticular particles or splats.

The chromium carbide powders of the coating mate-
rial for use in obtaining the coated layer of this inven-
tion are preferably powders made by the sintering and
crushing process. In this process, the constituents of the
powders are sintered at high temperature and the resul-
tant sinter product is crushed and sized. The metallic
powders are preferably produced by argon atomization
followed by sizing. The powder components are then
blended by mechanical mixing.

Sample coatings of this invention were produced and
then subjecied to various tests along with samples of
coatings that were not heat treated and/or did not con-
tain an age hardenabie nickel base alloy. A brief descrip-
tion of the various tests are described in cogjunction
with the specific examples.



-16- The hear-treated chrom um carbi de plus nickel base age hardenable
alloy coating of this invention is ideally suited for use in gas path
conponents of turbo ma- chines. The thickness of t ' =¢afy from
5 to 1000 microns thick for nost applications wth REPhACEMENTeSKEHetween
about 15 and 250 microns being preferred. Suitabl PSTTat &5 1Torjude in

this invention would in- clude nickel base alloys, onI-} A??swlloys, I ron
sg al’l oys.

(7))

base all oys, titanium base alloys and-r&f r-actory

TEST L FINE CHROMITE EROSION TEST AT
ROCM TEMPERATURE

To demonstrate the superior erosion resistance of the
coatings of this invention, an erosion test was run using
fine chromite (FeCrzO4) as the erodent. For this testing,
type 304 stainless steel pancls, 25.4 mm wide, 50.8 mm
long, and 1.6 mm thick, were coated oz one 25.4X 50.8
mm face with the coating of interest. The coatings were
nominaily 150 micrometers thick. To test the coatings,
the panels were placed at a distance of 101.6 mm from
a 2.19 mms diameter airjet at an angle of 20° from the
surface of the panel, with the airjet aligned along the
long axis of the panel. Air was fed to the jet at a pressurc
of 32 psig (0.22 MN/m32). 1200 grams of the fine chro-
mite erodent was aspirated into the airjet at a rate such
that all of the material was consumed in 100-110 sec-
onds. The amount of erosion of the coating caused by

" the impinging fine chromite particles was measured by
" weighing the pancl before and after the test. The ero-
sion rate was expressed as weight change per gram of
erodent. A similar test was run at an angle of imptage-
ment of 90° with all the parameters and procedures the
same with the exception that only 600 grams of material
were fed to the airjet.



The‘heat treatment step of this invention could bg

conponent could be installed on or to a turbo machi

coat ed conponent could be exposed to the heat tredt-

I nt ended environnment of the coated conponent is cq
treatnent step. then the coated conponent coul d bd

O-Fpe-f-0l---owh ng t he
coating deposition step at the same facility or theRePitlédigastypdtihi
i em and"‘? hén t he

i nt ended environnment. For exanple, the ®oated congo- nent,

25
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: he

at
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bl ade,

coul d be exposed to an el evated

EXAMPLE 1

To evaluate the efficacy of the coatings of this inven-
tion in resisting the erosion by very fine particles, simi-
lar to those found in many industrial applications, Test
‘1 was used. In this test, the erodent material is a fine
chromite (FeCr;04), 2 material similar to the material
that exfoliates from heat exchangers in fossil fuel elec-

tric power utilities. This material becomes entrained in-

the steam and causes solid particle erosion of the tur-
bine. In this test, chromium carbide-nicke! chromium
coatings were compared with a coating of this inven-
tion, chromiuvm carbide-Inconel 718, in both the as-
coated and in the heat treated condition. Coatings about
150 micrometers thick were deposited on a type 304
stainless steel substrate using a detonation gun process.
The starting coating powder for Coating A in Table |
was 119 Inconel 718 and 89% chromium carbide. The
‘starting powder for Coating B in Table 1 was 11%
Ni20Cr and 89% chromium carbide. Heat treatment, in
this example, was for 8 hours at 718° C. in vacuum. As

can be scen in the data of Test I as shown in Table 1,

there is no significant difference in the performance of
the two coatings in the as-coated condition at either 20°
- or 90° angle of impingement in the fine chromite test at
- room temperature. However, it can be readily seen that
in the heat treated condition, the coating of this inven-
tion (Coating A) is substantially superior to that of
Coating B at'both 20° C. at 90° angles of impingement.

TABLE 1
Rate @ 20° Rate @ %0°
o Ne/g _ ug/x
Coating Compositicn HTTRT =s ht as ht
Sample w. % rs//C. ctd tred cd  trd”
A 16 TN 718] + /s 18 3 28 2

84 (CrCarbide]
B 20({sON20C]+ &T8 17 & 23 9
%0 [CrCarbide] -




tenperature in its intended environnent and the heat treatnment step could
be perforned in such an environ- nent provided the environnent is
conpatible to the condition of the heat treatnent step. Thus the heat
treatment step does not need to be perforned imedi- ately after the
coating deposition step or at the sanme facility. Wj s_above

use detonation gun neans to apply the coatings, coafiRERLACEMENT SHEEF et i on
may be produced using other thermal sprag technol og] ef;, T , !
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TEST II. COARSE CHROMITE EROSION TEST
AT ELEVATED TEMPERATURE

To demonstrate the superior erosion resistance of the
coatings of this invention, an erosion test was run with
both the coating and the erodeant maintained at a tem-
perature of nominally 550° C. For this testing, type 304
stainless steel panels 4.0 mm thick were coated on & 25.4
mm long, 12.7 mm wide face with the coating of inter-
est. The coatings were nominally 250 micrometers
thick. To test the coatings, the panels were mounted at
one end of a heated tunnel 89 mm by 25.4 mm in cross-
section and 3.66 m long at the other end of which was
mounted a combustor which produced a stream of hot
gas sufficient to heat the sample coatings to the afore-
mentioned test temperature. Relatively coarse chromite
erodent of 75 micrometers nominal diameter was 1ntro-
duced into the combustor exhaust stream such that 1t
achieved a velocity of nominaily 228 meters per second
before it impinged on the surface of the coating. The
angle of impingement was varied by mechnx_:ucnlly ad-
justing the aspect angle of the coated specimen. The
amount of erosion caused by the impinging chromite
particles was measured by weighing the panel before
and after the test. The crosion ratc was cxpx:csscd as
weight change per gram of crodent that impinged on
the sample.



cluding, but not limted to, plasma spray, high velocity oxy-fuel

deposi tion,

made of this invention w thout departing fromthe scope thereof,

under st ood t hat al
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and hypersonic flanme spray. As nmany possi bl e enbodi nents may be
it being

rati ve

To assess the value of the coatings of this invention in

erosion resistance at clevated temperatures, Test II was
used. In this test, a somewhat coarser chromite material
of the same chemical composition, buit larger particle
size was used than the Test I used in Example 1. In this
test, Coating A (80 wt. 9% chromium carbide plus 20 wt.
9% nickel chromium) and Coating C (65 wt. % chro-
mium carbide plus 35 wt. 9o mickel chromium) were
compared with a coating of this invention, Coating B
(78 wt. % chromium carbide plus 22 wt. % IN-718).
The coatings were applied as in Example ! to about 250
micrometers thick. The results of this test with a parti-
cle velocity of 228 m/sec are shown in Table 2A. Simi-
lar tests were run with a particle velocity of 303 m/3ec,
as shown in Table 2B. From the data, it is quite evident
that the coating of this invention (Coating B) is better
than Coatings A and C with s particle velocity of 228
m/sec (Table 2A) at all angles of impingement and
superior at an angle of impingement of 15°. At a particle
velocity of 303 m/sec (Table 2B) the coating of this
invention (Coating B) was superior to Coatings A and C
in the coarse chromite erosion test at an angle of im-
pingement of 15°.

TABLE 2A

Couting Composition

Rates - micrograms loss/g erodent

Axngie of Attack

Sample wt % 15 0 s0° 00 %0
A 20[ION2OCr]* + 380 1410 1560 1630 1730
30 (CrCarbide]
22 (IN 718} + 600 1200 1350 1460 1500
78 [CrCarbide]
C  3IS{8ONi20Cr] + 950 1740 1920 2000 2020
65 {CrCarbide] -

*Particle size of metsilic fraction w smaller than in Costings B aad C.
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TABLE 2B

) N Rates - micrograms loss/g erodent
Coating Composition Angle of Attack
Sample we % 15 o s o

Al 20(ON0CI* + 1630 2200 2340
3120
. 2“2’ Em il 3190
713) 1130 2520
o 78 [CrCarbide m 0 X%
€ 35 [8ONi20C:] + 2620 3270 3730 38330 40
65 [CrCarbide] o

TPartice size of metallic fraction is amaller thas ; Coatings B and C.
Scarting pawder coatains [1% (30 mickel-20 ch:nim). 9% c“::cz.
2Snru|_ g powder coataizs (1% lnconel 718, 39% CryC).
'ls“ﬂll‘ powder coataias 25% (00 aickel-20 chromiom), 73% CryC;.

TEST II1. COARSE ALUMINA EROSION TEST
AT ROOM TEMPERATURE

To demonstrate the superior erosion resistance of the
coatings of this invention, an erosion test was run using
m_!auvely Coarse angular alumina as the erodent. For

. this testing, type 304 stainless steel panels, 254 mm

wide, 50.8 mm long, and 1.6 mm thick, were coated on
one 25.{)(50.8 mm face with the coating of interest.
The coatings were nominally 150 micrometers thick. To

lest the coatings, the-panels were placed at a distance of
. 10.1.6 mm from 2 2.19 mm diameter airjet at an angle of
20° from the surface of the panel, with the airjet aligned”

along the long axis of the panel. Air was fed to the jet at
2 pressure of 32 psig (0.22 MN/m2). 600 grams of the

"alumina erédent was aspirated into the airjet at a rate

such that all of the material was consumed in 100-110

seconds. The amount of erosion of the coating caused.

by.the. impinging alum*ia particles was measured by
:;gin:eg the panel beiuie and after the test. The ero-

ate was cxpressed as weight change per gram of
erodfnt. A similar test was run at an imping::ent- angle
of 90° with all the parameters and procedures the same
with the exception that only 300 grams of material were
fed to the airjet.



wi thin the nickel base alloy constituent of the coating to _produce .a.heat
t-reated chrom um car bi de- age hardened ni ckel base al . £3ai d
portion of the surface of the gas path conponent of tﬁgplfq!'&??'E‘I}f!\]‘E“S'?JEE nejin
whi ch said chromum carbide in the heat treated coafj- {i ng conprisesi[érr]
plus [err] and wherein the chro- mum carbide conprijsgs g?oﬁﬁ&ﬁﬁ 95

wei ght percent of the coating and the age hardened r]i dkel base_ all

conprises from5 to 50 wei ght percent-of3zthe coatind. 2. The process'(f
claim1l1l wherein the as-deposited

TaauTIl

EXAMPLE 3

In this test, relatively large alumins particles are used
at room tcmperature. Testing was done using Test IIT at
both 20° and 90° angles of impingement with the coat-
ings either as-coated or heat-treated as shown in Table
3. The heat treatment in this example was cither 8 hours
in vacnum at 718° C. or 8 houss in air at 718° C. The
coatings were applied as in Example 1 to a thickness of
150 micrometers and the starting and final composition
of the powders and coated layers, respectively, are
shown in Table 3. From the data, it is evident that m the -
as-coated condition, there is little difference between
the three coatings when tested with coarse sluminz at
room temperature. The heat-treated coatings at an
angle of impingement of 90° showed an improvement.
However, at an angle of impingement of 20°, therc is a
substantial improvement between the coatings of this
invention (Coatings A and B) and that of the prior art
(Coating C). This is a very significant finding since most
erosion in industry occurs at low angles, not high an-
gles. .

The coating of Sample Coating A that was heated in
vacuum was further heated for 72 hours at 718" C.in air
which is considered overaging of the coating. How-
ever, the erosion rate at 20° was found to be 57 ug/g and
the erosion rate at 90° was found to be 78 ug/g. The
improved coating performance was retained despite
overaging which could occur due to service exposure.

TABLE 3
Rate @ 20° Rate @ 50°
HT TRT __ ug/x ug/g

Coating Componnon' it Atmo- 2% ht £ ht
Sample wt. % . sphere od twd cd oud _
A 16 {IN 713}} + Air 99 49 114 30

34 {CrCarbide] Vacuum 109 70 (22 9%
B 20 {IN 718)¢ + Air 114 6 114 92
30 [CrCarbide
C 20 (8ONi20CrF + Vacuum 11 52 110 119
80 {CrCarbide]

_ IStarting powder contains 11% (N 713, 39% chromium carbide B _
ing powder costains 1% (30 nickel-20 chromiumy), §9% chromium carbide



coat | ng i s heated at a tenperature fromf[err] to [err]. for a tine period
between 0.5 to 22 hours. 3. The process of claim2 wherein the tenperature
is from[err] to [err] for a tine period from4 to 16 hours. 4. The process
of claim1l1l or 2 wherein the age hard- enabl e nickel Ha& N
about 53 wei ght per- cent nickel, about 19 wei ght perciﬁf%‘wﬁmgﬂmcut
19 wei ght percent iron, about 3 weight percent nolyb-| denum about S]M/eight

percent niobium and about 1 - 14 - 07 AUG 197

EXAMPLE 4

In this example, the effect of the amount of the metal-
lic phase in three coatings of this invention were com-
pared using Test II1. Coatdngs 150 micrometers thick in
both the as-coated and heat-treated conditions were
evaluated. The hest tr=atment in this case was 8 boursin
vacuum ar 718° C. The results are shown in Table 4.
With an angle of impingement of 90°, there is little
difference in performance between the three coatings in
either the as-coated or heat-treated condition. With an
angle of impingement of 20°, there appears to be a slight
increase in erosion rates with an increase in the metallic
phase in either the as-coated or heat-treated condition.
This increase, however, is not very great. It is evident,
therefore, that the coatings of this invention bave great
utility over 2 wide range of metallic- phase content.

TABLE 4
Costing Composition - - Rate @ 20" ug/g _Rawe @ 90° ug/g
Sample wt. % sscid  hreid  ascd bt trnd
A 3 [IN 718) + 9% 58 135 54
. 92 [CrCarbide]!
B 16 IN 718] + 109 70 122 96
84 [CrCarbide]? :
C 27 [IN 718] + 117 74 129 97
23 [CrCarbide] ' '

ISturting Powder containe 5.5% IN 713, 95.5% chromizm cacbide
3Siarting Pawder contains 11% IN 718, 39% chromiume carbide
3Surtiag Powder costaine 16.5% IN 718, 83.5% chromicm carbide

TEST IV. FINE ALUMINA EROSION TEST AT
ELEVATED TEMPERATURE

To demonstrate the superior erosion resistance of the
coatings of this invention, an erosion test was run with
'both: the coating and the erodent maintained at a tem-
perature of nominally 500° C. For this testing, type 410
.stainless steel blocks 12.7 mm thick were coated on & 34
mm long, 19 mm wide face with the coating of interest.
The coatings were nominally 250 micrometers thick. To
test the coatings, the blocks were mounted in an enclo-
sure filled with inert gas into which a stream of alumina
particles of 27 micrometer nominal size suspended in
inert gas could be introduced through a 1.6 mm diame-



wei giht percent tantalum 5. The process of claim1l wherein the chrom um
carbi de conprises from70 to 90 wei ght percent of the coating and the age

har denabl e nickel base alloy is from 10 to 30 wei ght—percent=tftI¢
coating. 6. The process of claim1 wherein the gag B M\C@ME@TM#
turbo machine is selected fromthe goup consistind
segments and di a- phragns. 7. The process of claim 1 vigrgim 9% tu

machi ne

- 15 -

bl 'ades, vanes

]

of the
duct
F bo

ter, 150 mm long nozzle made of cemented carbide. Th.c
coated samples were positioned 20 mm from the exit
end of this nozzle, oriented at angles of 90° or 30° to the

. centerline of the nozzle. The enclosure was placed

within a furnace which heated the coated samples to 2
temperature of 500° C. While they were at this tempera-
ture they were subjected to the impact of a known mass
of alumina particles flowing at a velocity of about 94
meters per second for a fixed period of time. The max-
mum depth to which the coating was penetrated by the
alumina particles was taken as the measure of erosion.
The erosion rate was expressed as depth of penetration
per gram of erodent that impinged on the sample.

EXAMPLE 5

Sample coatings 150 micrometers thlck were pro-
duced as in Example 1 using the composition shown in
Table 5. The data show that the erosion rate at an mm-
pingement angle of 30° for the heat treated coatings of
this invention (Coatings A and B) were better than the
hest treated coatings of the prior art (Coatngs C and
D).

TABLE S
Coating Camposition HT TRT Rate @90° Rate @ 30°
Sample wWt/% brx/~C. {umn/g) (um/g)
A I6[INTI8] + Nozne 145 85 -
84 [CrCarbide]! T2/550 136 67
16/718 157 :;
B 20[INT18] + None 1mn
30 Fgarbidc]‘ 72/550 186 - 68
' 16/718 165 72
C 20 ({8ONi20Cr] + Nooe 183 79
' 30 [CrCarbide 72/550 171 110
D 20 [SONi20Cr] + None 170 89
$0 [CrCarbide] 72/550 199 92

1§iarting Powder coutains 11% IN T13, 89% chromium carbide
35arting Powder costains 11% Nichrome, $9% chromium carbide



[ - [ | ' [ har dened
a turbine. -18 - coated with a chrom um carbide and an age |

In;sckel base all oy conposition in which the chrom um carbide conprises [err]

plus [err] and wherein the chrom um carbide conprises from SO to 95 wei ght

per- cent of the coating and the age hardened ni gf iEPERLS\:i"’:Em SHEET
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The heat-treated chromium carbide plus nickel base
age hardenable alloy coating of this invention is ideally
suited for use in gas path components of turbo ma-
chines. The thickness of the coating can vary from 5 to
1000 microns thick for most applications with a thick-
ness between about 15 and 250 microns bein g preferred.
Suitable substrates for use in thic “avention would in-
clude nickel base alloys, cobalt base alloys, iron base
alloys, titanijum base alloys and refractory base alloys.

The heat treatment step of this invention could be
performed following the coating deposition step at the
same facility or the coated gas path component could be
installed on or to a turbo machine system and then the
coated component could be exposed to the heat treat-
ment step. If the intended environment of the coated
component is compatible to the heat treatment step,
then the coated component could be heat treated in its
intended environment. For example, the coated compo-
nent, such as a blade, could be exposed to am elevated
temperature in its intended environment and the heat
treatment step could be performed in such an environ-
ment provided the environment is compatible to the
condition of the heat treatment step. Thus the heat
treatment step does not need to be performed immedi-
ately after the coating deposition step or at the same
facility.

While the examples above use detonation: gun means
to apply the coatings, coatings of this invention may be
produced using other thermal spray technologies, in-
cluding, but not limited to, plasma spray, high velocity
oxy-fuel deposition, and hypersonic flame spray.

As many possible embodiments may be made of this
invention without departing from the scope thereof, it
being understood that all matter set forth is to be inter-

‘preted as illustrative snd not in a limiting sense.



all oy conprises from5 to 50 weight percent of the coating. 9. The turbo
machi ne of claim 8 V\/nerel n the machine is a turbine. 10. The turbo nachine
of claim8 ‘ conponent is a blade. 11. The turbo nachi ne
of claim8 conponent is a vane 12. The turbo nmachi ne

of claim3$8 conmponent is a di aphragm
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What is claimed is:

1. A process for coating a surface of & turbo machine
gas path component with & coating component of chro-

- mium carbide and an age hardenable nickel base alloy
comprising the step of thermal spraying a powder com-
position of chromium carbide and an age hardenable
nickel base ailoy onto at least a portion of a surface of a
gas path compoaent of a turbo machine and then heat-
ing the as-deposited coating at a temperature sufficient
to cause precipitation of intermetallic components
within the nickel base alloy constituent of the coating to
produce a heat treated chromium carbide-age hardened
nickel base alloy coating on said portion of the surface
of the gas path component of the turbo machine in
which said chromium carbide in the heat treated coat-
ing comprises CryC3 plus Cr23Cs and wherein the chro-
mium carbide comprises from 50 to 95 weight percent
of the coating and the age hardened nickel base alloy.
comprises from 5 to 50 weight percent of the coating.

2. The process of claim t wherein the as-deposited
coating is heated at a temperature from 1000° F. to
1650° F. for a time period between 0.5 to 22 hours.

3. The process of claim 2 whercin the temperature is
from 1275° F. to 1400° F. for a time period from 4 to 16
hours.

4. The process of claim 1 or 2 wherein the age hard-
enable nickel base alloy contains about 53 weight per-
cent nickel, about 19 weight percent chromium, about
19 weight percent iron, about 3 weight percent molyb-
denum, about 5 weight percent nicbium, and about 1
weight percent tantalum.

5. The process of claim 1 wherein the chromium
carbide comprises from 70 to 90 weight percent of the
coating and the age hardenable nickel base alloy is from
10 to 30 weight percent of the coating.

6. The process of claim 1 wherein the gas path com-
ponent of the turbo machine is selected from the group
consisting of blades, vanes, duct segments and dia-
phragms.

7. The process of claim 1 wherein the turbo machine
is a turbine.



13. The turbo machine of claim8 wherein the gas path conponent is a nozzlc
bl ock.
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8. A turbo machine having a gas path component
coated with a chromium carbide and an age hardened
nickel base alloy composition in which the chromium
carbide comprises CrrC; plus Cr23Cs and wherein the
chromium carbide comprises from 50 to 95 weight per-
cent of the coating and the age hardened nickel base
alloy comprises from 5 to 50 weight percent of the
coating.

9. The turbo machine of claim 8 wherein the machine
is a turbine.

10. The turbo machine of claim 8 wherein the gas
path component is a blade.

11. The turbo mschine of clasim 8 wherein the gas
path component is a vane.

12. The turbo machine of claim 8 wherein the gas
path component is a diaphragm.

-13. The turbo machine of claim 8 wherein the gas
path component is a nozzle block.
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ABSTRACT

PROCESS FOR PRODUCING CHROMIUM CARBIDE-NICKEL BASE AGE
HARDENABLE ALLOY COATINGS AND COATED ARTICLES SO PRODUCED

An improved erosion resistant coating for a gas path
component of a turbo machine which comprises the thermal
spraying of a chromium carbide, such as Cr,;C,, and an aée
hardenable nickel base alloy, such as Inconel 718, onto the
gas path component and then, preferably, heat treating the
deposited coating to harden the coating.




